Designing New Experiences of Music Making by Morreale, Fabio
1Designing 
new experiences
of music making
A thesis submitted to the University of Trento
for the degree of Doctor of Philosophy 
in the Department of Information Engineering and Computer Science,
International Doctoral School in Information  
and Communication Technologies
f a b i o  m o r r e a l e
26th Ph.D. cycle
Advisor
Prof. Antonella De Angeli, University of Trento (Italy)
Thesis examiners
Prof. Roberto Bresin, KTH Stockholm (Sweden)
Prof. Ernest Edmonds, University of Technology, Sydney (Australia)
Prof. Fabio Pittarello, University Ca’ Foscari of Venice (Italy)
January 27th, 2015
2Table of Contents
01 Introduction 12
1.1 Introduction 13
1.2 The Music Room: An Interactive Installation 15
1.3 Robin: An Algorithmic Affective Composer 17
1.4 MINUET: A design Framework  19
1.5 Conclusion 21
02 Related Work 24
2.1 Introduction 25
2.2 Interactive Music Making 26
2.2.1 Design Space 30
2.2.2 Collaborative music making 32
2.2.3 Evaluating Experience in Interactive Art 35
2.2.4 Engagement in Interactive Art 36
2.2.5 Thesis Contribution 37
2.3 Music and Emotion 38
2.3.1 Models of Emotions 39
2.3.2 Stimuli Selection 41
2.3.3 Measuring Responses 42
2.3.4 The Effect of Mode and Tempo 44
2.3.5 The Influence of Other Structural Factors 46
2.3.6 The Effect of Expertise in Evaluating Emotions 48
2.3.7 Thesis Contribution 49
2.4 Algorithmic Music Composition 50
2.4.1 Rule-Based Approach 51
2.4.2 Learning-Based Approach 51
2.4.3 Evolutionary Approach 52
2.4.4 Algorithmic Affective Compositions 53
2.4.5 Thesis Contribution 55
303 Robin: An Algorithmic Affective Composer  56
3.1 Introduction 57
3.2 Study I: The Effect of Expertise 59
3.2.1 Experimental Hypotheses 60
3.2.2 Design  61
3.2.3 Stimuli 61
3.2.4 Procedure 62
3.2.5 Results 64
3.2.6 Discussion 66
3.3 Development 67
3.3.1 System Architecture 68
3.3.2 Harmony 69
3.3.3 Rhythm 70
3.3.4 Melody 70
3.3.5 Definition of High-Level Musical Structures 72
3.3.6 Operational Definition of Emotion in Music 72
3.3.7 Discussion 73
3.4 Study II: Validation 74
3.4.1 Design  74
3.4.2 Stimuli 74
3.4.3 Procedure 76
3.4.4 Results 77
3.4.5 Discussion 78
3.5 Conclusion 79
04 Interface Design: The Music Room 82
4.1 Introduction 83
4.2 Activities 85
4.2.2 Composing scenario 86
4.2.3 Acting Scenario 86
4.3 Technology 87
4.3.1 Visual Tracking System 88
4.3.2 Robin 89
4.3.3 Prototyping 90
4.4 Context 91
4.4.1 First Exhibition 91
4.4.2 Second Exhibition 92
4.4.3 Third exhibition 94
4.5 Conclusion 95
405 Interface Evaluation: The Music Room 96
5.1 Introduction 97
5.2 Field Evaluations 98
5.2.1 Field Observations 99
5.2.2 Video Analysis 100
5.2.3 Log Data Analysis 103
5.2.4 Interviews 106
5.2.5 Questionnaires 107
5.2.6 System Quality and Reliability 109
5.2.7 Discussion 110
5.3 Controlled Evaluation 113
5.3.1 Procedure 115
5.3.2 Data Analysis 117
5.3.3 Non-ordinary experience 118
5.3.4 Modalities of Engagement: Exploration vs. Flow 119
5.3.5 Interpreting Narratives of Use 122
5.3.6 Idiosyncratic Interpretation 123
5.3.7 Discussion 124
5.4 Conclusion 127
06 A design framework of musical interfaces 128
6.1 Introduction 129
6.2 Framework Design 130
6.2.1 Design Method 130
6.2.2 Model 132
6.3 Goal 133
6.3.1 People 133
6.3.2 Activities 134
6.3.3 Contexts 135
6.4 Specifications 136
6.5 Reliability Of The Framework 138
6.6 TwitterRadio, a Case Study 140
6.6.1 Goal 140
6.6.2 Specifications 141
6.6.3 Discussion 142
6.7 Conclusion 143
507 Finale 144
7.1 Thesis contributions 145
7.1.1 Musical interface design 146
7.1.2 Algorithmic composition 148
7.1.3 Psychology of music 149
7.2 Conclusion and Future Works 150
Bibliography 154
Appendix 166
6Abstract
Music making is among the activities that best fulfil a person’s full potential, but it is 
also one of the most complex and exclusive: successful music making requires study 
and dedication, combined with a natural aptitude that only gifted individuals possess. 
This thesis proposes new design solutions to reproduce the human ability to make 
music. It offers insights to provide the general public with novel experiences of mu-
sic making by exploring a different interactive metaphor. Emotions are proposed as a 
mediator of musical meanings: an algorithmic composer is developed to generate new 
music, and the player can interact with the composition, controlling the desired lev-
els of the composition’s emotional character. The adequacy of this metaphor is tested 
with the case study of The Music Room, an interactive installation that allows visitors 
to influence the emotional aspect of an original classical style musical composition by 
means of body movements. This thesis addresses research questions and performs ex-
ploratory studies that are grounded in and contribute to different fields of research, 
including musical interface design, algorithmic composition, and psychology of mu-
sic. The thesis presents MINUET, a conceptual framework for the design of musical 
interfaces, and the Music Room, an example of interactive installation based on the 
emotional metaphor.  The Music Room was the result of a two-year iteration of design 
and evaluation cycles that informed an operational definition of the concept of engage-
ment with interactive art. New methods for evaluating visitors’ experience based on 
the integration of evidences from different user-research techniques are also present-
ed. As regards the field of algorithmic composition, the thesis presents Robin, a rule-
based algorithmic affective composer, and a study to test its validity in communicating 
different emotions in listeners (N=33). Valence (positive vs. negative) and arousal (high 
vs. low) were manipulated in a 2*2 within-subjects design. Results showed that Robin 
correctly communicated valence and arousal in converging conditions (high valence, 
high arousal and low valence, low arousal). However, in cases of diverging conditions 
(high valence, low arousal and low valence, high arousal), valence received neutral val-
ues. As regards the psychology of music, this thesis contributes new evidence to the 
on-going debate about the innate or learned nature of musical competence, defined 
as the ability to recognise emotion in music. Results of an experimental study framed 
within Russell’s two-dimensional theory of emotion suggest that musical competence 
is not affected by training when listeners are required to evaluate arousal (dictated by 
variations of tempo). The evaluation of valence (dictated by the combination of tempo 
and mode), however, was found to be more complicated, highlighting a difference in 
the evaluation of musical excerpts when tempo and mode conveyed diverging emotion-
al information.  In this debate, Robin is proposed as a suitable tool for future experi-
mental research as it allows the manipulation of individual musical factors.
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“In the best of all possible worlds, 
art would be unnecessary. 
Its offer of restorative, placative therapy 
would go begging a patient. 
The professional specialization involved 
in its making would be presumption… 
The audience would be 
the artist and their life would be art.”
[Gould, Glenn]
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Gloud, G. (1966). The Prospects 
of Recording. The Glenn Gould 
Reader. Ed. Page, Tim. New 
York: Vintage Books, 1984. 331-53.
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This introductory 
chapter defines 
the problem space 
of the thesis; 
outlines the 
multidisciplinary 
research 
background in 
which the studies 
presented in 
this thesis are 
situated; defines 
the research 
questions and 
contributions;  
and summarises 
the remaining 
sections of the 
thesis. 
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1.1 Introduction
On rare occasions, people can experience extraordi-nary epiphanies in response to certain life events. These states of mind tend to happen when we ex-perience a deep sense of exhilaration and en-joyment, when we are so involved in an activity 
that time seems frozen, and when concentration is so intense that 
self-consciousness disappears. The psychologist Mihaly Csikszent-
mihalyi spent decades investigating this state of mind, and even-
tually theorised the concept of flow or optimal experience (Csikszentmi-
halyi, 1991). Optimal experiences, he states, can be intentionally 
pursued, as they are more likely to happen in response to particular 
activities. Among these activities, music making is one of the most 
favourable to produce states of flow. This property is mostly attrib-
utable to the intrinsic rewards gained from undertaking and mas-
tering this activity (O’Neill, 1999). Music making is, in fact, a par-
ticularly demanding activity involving nearly every cognitive func-
tion (Zatorre, 2005). Given adequate time and motivation, however, 
overcoming technical difficulties is feasible. What time and moti-
vation alone cannot supply is the artist’s sense and sensibility to 
transform ideas, emotions, meanings, and narratives into musi-
cal form.
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In the last few years, multidisciplinary research has attempted to 
develop new computational methods to simplify music making in 
order to open this optimal experience to a broader audience. Re-
searchers and practitioners from a number of different disciplines 
have been seeking to mitigate for the musician part of the complex-
ity of music making. Novel computational systems have been pro-
posed to support the composition of new musical pieces and pro-
vide simplified experiences of music performance. This research 
objective resonates with the strategies proposed by Serra, Bresin 
and Camurri (2007) when discussing the open issues in the Sound 
and Music Computing community. In their manuscript, the au-
thors state that future research should “produce tools which can 
interact meaningfully with the user via sound, possibly integrat-
ed with other modalities. To do so, these tools will have to incorpo-
rate knowledge about sound perception and multimodal commu-
nication”.
This thesis tackles the challenge of designing new musical 
systems for musically untrained listeners by research through de-
sign, a practice used to gain new knowledge via the act of making 
(Zimmermann, Forlizzi and Evenson, 2007). In particular, we start-
ed our exploration with the identification of an interactive meta-
phor that could mediate abstract musical meanings in concrete do-
mains that everybody can easily understand. Interactive metaphors 
indeed allow “users to readily make inferences about how to operate 
unfamiliar user interfaces by mapping existing skills and knowl-
edge from some familiar source domain” (Wilkie, Holland and Mul-
holland, 2013). To properly encode musical meanings for musical-
ly untrained listeners, the language on which the interaction met-
aphor relies has to meet a number of requirements. In particular, 
it has to (i) be available to everybody, (ii) be closely connected with 
music, (iii) “incorporate knowledge about sound perception and 
multimodal communication” (Serra et al, 2007), and (iv) be capable 
of dealing with music complexity. The language of emotions can 
be the best candidate as (i) most people are able to describe states 
of mind, (ii) music is often regarded as the language of emotions 
(Cooke, 1959),  (iii) emotional perception in music have been deeply 
studied (Juslin & Sloboda, 2010), and (iv) the emotional space is ex-
tremely complex and distinctive (Russell, 1980). 
This thesis proposes emotions as mediators of musical mean-
ings in the context of interactive music making. The adequacy of 
this proposal is tested with the case study of The Music Room, an 
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interactive installation designed to offer new experiences of music 
making to a wider audience  (Morreale, Masu, De Angeli and Ro-
ta, 2013a; Morreale, De Angeli, Masu, Rota and Conci, 2014a). The 
Music Room interfaces players and Robin, an algorithmic compos-
er that systematically converted user input described in emotion-
al language into compositional rules, which are in turn used to di-
rect the composition (Morreale, Masu and De Angeli, 2013c). This 
research through design led to new knowledge, which was formal-
ised in MINUET, a design framework intended to stimulate creativ-
ity and reflections when designing musical interfaces.
1.2 The Music Room: An Interactive Installation
The Music Room allows dyads of visitors to create an original clas-
sical-like musical composition by moving throughout a room. The 
control of the music played in the room is shared between Robin and 
the dyad, which can direct the emotional character of the music by 
varying their distance and speed. The distance between the mem-
bers of the dyad determines the valence of the music (the closest 
the more positive) while their average speed determines the arous-
al (the fastest the more intense). The Music Room evolved through 
a two-year design process including a conceptual stage enriched by 
early evaluations of scenarios and storyboards and continuous test-
ing of an evolving experience prototype. 
The technical architecture of The Music Room is structured 
into two modules: a vision tracking system and Robin. A down-
ward-looking bird’s-eye camera mounted on the ceiling of the room 
detects the position and the speed of the couple via background-sub-
traction. A tracking algorithm processes this information, updat-
ing the couple’s position and speed over time, and it supplies the 
extracted proxemic values to the system. Following the proposed 
mapping, the values are converted into the emotional cues of va-
lence and arousal and are communicated to Robin, which reconfig-
ures the generated music to match the intended emotion. The un-
predictable nature of the algorithmic composition, combined with 
the two parameters of interaction (i.e. distance and speed), allows 
a broad range of original musical compositions and requires no mu-
sical expertise.
The evaluation primarily focused on analysing audience en-
gagement, contributing with new insights to understand the expe-
rience of visitors in interactive art (Edmonds, 2010). Field evaluation 
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was conducted during two live events opened to the general public. 
An integration of online observations, interviews, questionnaires, 
and offline analysis of log data and videos was performed. Results 
suggest that nearly all of the visitors experienced authentic enjoy-
ment. Musically untrained visitors, in particular, referred to the 
experience as being remarkably creative. Audience engagement re-
sulted from a number of very different behaviours. The most recur-
ring one was dancing. Despite the fact that this behaviour did not 
come unexpected - as the synergy between music, movements and 
emotions is often associated with dancing - the motivations that 
disposed visitors to dancing remained ambiguous. Indeed, collect-
ed data failed to assess whether dancing was a reaction to music, as 
it normally happens when people dance, or they consciously moved 
to influence the music while dancing. The most controversial as-
pect was the involvement of the dyads in the music making. When 
prompted with this issue, only half of the participants reported 
that they felt in control of the music, while the other half declared 
that they were mainly following it. The analysis also failed to ex-
plain the reasons why the experience varied so dramatically among 
visitors, and to identify the main factors that accounted for the di-
versity of experiences.
A more controlled evaluation was organised to further inves-
tigate these open issues. With respect to previous exhibitions, the 
goal was to collect idiosyncratic interpretations rather than observ-
ing group reactions that would be expected to apply to everyone 
(Höök, Sengers and Andersson, 2003). With this end in view, 26 se-
lected commentators, chosen on the basis of their professional pro-
file and their artistic sensibilities, were invited to participate in and 
comment on the installation. In-depth interviews offered several 
interesting insights. In particular, results revealed that The Music 
Room offers a wide range of non-ordinary and engaging experienc-
es, ranging from music making to dance, and from leisure to relax-
ation. The factors that most significantly contributed to defining 
visitors’ engagement was the amount of information issued:  the 
more information that was provided, the closer the experience was 
to that originally envisioned by the designer, to the detriment of 
the participants’ creative engagement. Avoiding a clear narrative of 
use was associated with the highest potential for fostering a crea-
tive engagement, as opposed to fostering an engagement resulting 
from following pre-defined schemas. 
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1.3 Robin: An Algorithmic Affective Composer
The foundation of The Music Room is Robin, an algorithmic affec-
tive composer that automatically generates tonal music. The con-
trol over the composition is shared between the system and the vis-
itors of the installation, who can determine its emotional charac-
ter. To this end, different emotions are mapped to combinations of 
structural factors (i.e. what can be annotated in a score). Research 
in the psychology of music has identified a number of structural 
and performative parameters that contribute to shaping the emo-
tional response of the listener (Gabrielsson & Lindström, 2010; 
Bresin & Friberg, 2011). Among structural factors, it is widely ac-
cepted that tempo and mode have the highest influence on emo-
tional perception (for a review, please check Gabrielsson and Lind-
ström, 2010). In most of the cases, perceived emotions are described 
as the result of the interrelation of two dimensions: valence, which 
refers to the positive vs. negative affective state, and arousal, which 
refers to rest vs. activation (Russell, 1980). Tempo is primarily re-
sponsible for determining the arousal of a musical piece, and it has 
a secondary effect on valence. Mode is responsible for determining 
the valence only.
Given its focus on a general population, one research ques-
tion of this thesis investigates whether and how the emotional per-
ception of tempo and mode varies across different levels of musi-
cal training. Related work provided controversial hypotheses about 
the influence of expertise in the emotional perception of music 
(Webster & Weir, 2005; Hargreaves & North, 2010; Castro & Lima, 
2014), contrasting a vision of musical competence as an innate or 
a learned ability. However, until recently, there had been no sys-
tematic investigation of the separate effects of mode and tempo 
on this emotional dimension. To this end, an experimental study 
with 40 participants was conducted (Morreale, Masu, De Ange-
li and Fava, 2013b). Tempo (160BPM vs. 80BPM) and mode (major 
vs. minor) were manipulated in a 2*2 within-subjects design. Sev-
en short piano pieces were ad-hoc composed and systematically ma-
nipulated using the four conditions, for a total of 28 snippets. For 
each snippet, participants were asked to self-report the perceived 
valence and arousal, and to indicate their liking. Results suggest-
ed that expertise has an impact on the emotional response to mu-
sic but only on valence (defined by the combination of tempo and 
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mode). In particular, a difference emerged in the evaluation of mu-
sical excerpts when tempo and mode conveyed diverging emotional 
information, suggesting that trained listeners are more sensitive to 
mode variations than non-musicians. 
These results, coupled with findings from related work (most-
ly from Gabrielsson and Lindström, 2010), informed the design of 
Robin. Robin is the result of several years of research in algorithmic 
composition and the psychology of music (Morreale et al., 2013c). 
The compositional method is rule-based: the algorithm is taught 
a series of basic compositional rules of tonal music that are used to 
create original compositions in Western classical-like music with 
emotional character. At each new bar, a number of stochastic pro-
cesses determine the best possible choice of tempo, mode, sound 
level, pitch register, pitch contour and rhythm. Users communi-
cate to Robin in real time the emotions they want to express, de-
fined in terms of valence and arousal, which immediately recon-
figures the composition to produce matching music. For instance, 
when prompted to generate a happy melody (positive valence, high 
arousal), Robin sets the composition to high tempo, major mode, 
high sound level, ascending contour, and high register, and it en-
ables theme repetitions. By contrast, a sad melody (negative va-
lence, low arousal) triggers low tempo, minor mode, descending 
contour, low sound level, and low register
The validity of Robin in communicating different emotions 
in listeners was tested in an experiment using controlled condi-
tions (N=33). Valence (positive vs. negative) and arousal (high vs. 
low) were manipulated in a 2*2 within-subjects design. Robin gen-
erated five snippets for each of the four conditions, for a total of 20 
snippets. At the end of each snippet, listeners were asked to self-re-
port the perceived valence and arousal, and to indicate their lik-
ing. Results showed that Robin correctly communicateed valence 
and arousal in nearly all cases. However, in cases of dierging con-
ditions (high valence, low arousal and low valence, high arous-
al), valence received neutral values. The experiment validated the 
effective capability of Robin to communicate specific emotions in 
the listeners. This result, beyond supporting the adoption of Rob-
in in interactive installations, entails another main implication. 
Robin showed its potential of being used in experimental studies 
aiming at testing the perception of structural factors. In addition 
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to correctly eliciting the intended emotional response, the average 
liking of the stimuli generated by Robin was significantly higher 
than those used in the first experiment, which were composed by 
a human.
1.4 MINUET: A design Framework 
Visitors’ feedback indicated that The Music Room greatly differs 
from any other traditional and digital musical instruments. In par-
ticular, the focus of the experience was transferred from the actu-
al music making to the aesthetic, playful and emotional aspect of 
it. This change of focus suggested a reconsideration of the design 
process of musical interfaces. To date, design guidelines of musi-
cal interfaces have promoted a technology-oriented design. This ap-
proach well suits musical controllers that resemble the physicality 
and the objectives of acoustic instruments (Miranda & Wanderley, 
2006). However, if we consider musical interfaces as an umbrella 
term that also includes interactive installations, this approach may 
prove unsuitable. Within interactive installations there are differ-
ent characters, scopes and goals, and they usually focus on eliciting 
a particular user experience rather than a set of musical activities 
performed on an instrument. For instance, the Brain Opera aims 
to prompt reflection in the audience while participants actively op-
erate on musical content (Machover, 1996). Similarly, Sonic Cra-
dle helps visitors to achieve a meditative experience by controlling 
sounds through the exploration of their own respiration (Vidyarthi, 
Riecke and Gromala, 2012). Other installations try to foster active 
interaction between visitors. For instance, Mappe per Affetti Er-
ranti reproduces the music in full-orchestration only when partic-
ipants collaborate (Camurri et al., 2010). In a different design con-
text, Piano Staircase1 makes the activity of going up the stairs fun 
and social: an actual staircase placed next to an escalator is trans-
formed into a giant piano keyboard and people can trigger relative 
notes by stepping the stairs.
To delve into the complexity of this design space we developed 
MINUET (Musical INterfaces for User Experience Tracking), a de-
sign framework intended to stimulate reflection when designing nov-
el musical interfaces (Morreale et al., 2014b). MINUET offers a concep-
tual model for the understanding of the elements involved in the 
1 
http://
www.
thefuntheory.
com/ 
piano-staircase
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design of musical interfaces, providing a framework for this com-
plex design space. In order to manage with the diversity of interac-
tions, the design space is simplified to detecting patterns and sug-
gesting insights that can assist designers’ reflections. This chal-
lenge is addressed by clustering design elements from the point of 
view of the player’s experience. Also, rather than providing a list 
of design metrics and heuristics, MINUET integrates a temporal di-
mension consisting of two sequential stages: analysing the goals of 
the interface and specifying how to achieve these goals.
The first stage of MINUET frames a conceptual model of the 
interface goal, in the form of a very high-level user story (Carroll, 
2000). Designers are invited to inspect their goal through the lens-
es of People, Activities and Contexts (Benyon, Turner and Turner, 2005). 
People looks at the designer’s objectives from the viewpoint of the 
targeted category of players and from the role of the audience. This 
point of view specifies the subjects who will engage with the inter-
face (e.g. untrained musicians, sax players, music students). Ac-
tivities questions what the envisioned interaction is, by framing the 
type of musical interface. It provides insights into the motivations 
of the players, analyses the relevance of music with respect to the 
player experience, and specifies the learning curve and possible col-
laboration among players. Context investigates the environment 
and the set-up of the interface, i.e. all of those elements that can 
assist in the identification of the interaction goals (where/when). The 
relevance of these entities varies according to the nature and the 
goals of the interface, and the priority scale has to be defined by the 
designers themselves.
The second stage of the design process involves designing the 
interaction in order to fulfil the designers’ objectives. For instance, 
when designing for intuitive experiences, the number of interac-
tion possibilities should be restricted, in order to guarantee easy 
access to the players. By contrast, musical controllers should ena-
ble players to manage a multitude of parameters, in order to have 
full control of the generated music. First and foremost, specifica-
tions must be considered according to the degree to which the play-
er controls the music. Depending on the tasks and the targeted au-
dience, interfaces can provide high- or low-level control of musical 
elements. In addition, input and feedback modalities contribute to 
determining the status of an interface. Furthermore, designers can 
suggest a particular strategy or interaction trajectory, providing 
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complete documentation or including physical constraints embod-
ied in the design of the interface. Conversely, they may seek to stim-
ulate creativity, improvisation and adaptation: in this case, flexible 
and constraint-free interactions should be encouraged. The poten-
tial of MINUET for guiding designers throughout the design process 
of musical interfaces was tested with the design of The TwitterRa-
dio, a tangible interactive installation designed to explore the social 
world of Twitter through music. The idea of The TwitterRadio is to 
browse a list of trending news and listen to the mood of public opin-
ions on them. MINUET served to outline the design objectives and 
specifications of The TwitterRadio, framing the character of the in-
stallation, identifying design requirements and elaborating possi-
ble interaction trajectories.
1.5 Conclusion
In 1996, Tod Machover stated: “I now believe that the highest pri-
ority for the coming decade or two is to create musical experienc-
es and environments that open doors of expression and creation to 
anyone, anywhere, anytime”. This thesis takes up this challenge 
by focusing on the anyone part. A theoretically-grounded and em-
pirically-validated framework for the design of new experiences of 
music making is presented. The first step consists of formalising a 
new interaction metaphor lying outside the musical domain that 
mediates the inherent complexity of music making. The language 
of emotion is proposed as the mediator, given the universality of 
the affective states and their natural connection with music. This 
switch opens up a number of research questions and exploratory 
studies, which are grounded on and contribute to different fields of 
research: musical interface design, algorithmic composition, and 
the psychology of emotion. 
As regards research on musical interface design, this thesis 
contributes an in-depth analysis of the suitability of emotions as an in-
teraction metaphor for musical installation, and of movements as an 
actualisation of this mediation with a specific focus on non-musi-
cians. This analysis was supported by the design of The Music Room, 
an example of interactive installations based on the emotional met-
aphor. The Music Room was the result of a two-year iteration of de-
sign and evaluation cycles, which informed the operational defini-
tion of the concept of engagement and of new evaluation protocols based 
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on the integration of evidences from different user-research tech-
niques. Finally, the thesis introduces MINUET a conceptual framework 
to provide new perspectives for the design of musical interfaces.
As regards research on algorithmic composition, this thesis con-
tributes Robin, a rule-based affective composer that automatically gen-
erates Western classical-like music in real time. As opposed to previous 
research, the quality of the music and its actual capability to commu-
nicate intended emotions in the listeners were tested with a formal 
experimental study. Furthermore, the potential of Robin to be used 
in interactive installations was exemplified with two case studies.
As regards research on the psychology of music, this thesis 
makes three contributions. Firstly, it contributes an experimen-
tal design to exploring listeners’ perceptions of valence and arous-
al in response to divergent conditions of mode and tempo. Second-
ly, it provides new evidence to the on-going debate about the na-
ture of musical competence investigating whether expertise influ-
ences the perception of emotions in listeners. Thirdly, it proposes 
the benefits of adopting an algorithmic composer as stimuli gener-
ator to be used in experimental studies aiming at testing the influ-
ence of structural factors.
The thesis report is structured in seven chapters. Chapter 2 de-
fines the theoretical foundation of this work and analyses the cur-
rent state of research in the areas related to the thesis topic, i.e. 
musical interface design, psychology of music, and algorithmic 
composition. Chapter 3 reports an experimental study aimed at un-
derstanding the ability to recognise emotion in music; presents 
Robin, the algorithmic affective composer; and it reports an experi-
mental study aimed at testing the validity of Robin in communicat-
ing different emotions in listeners. Chapter 4 presents the concep-
tual design and the technical implementation of The Music Room. 
Chapter 5 presents the evaluation of visitors’ experience with The 
Music Room, proposing new insights for understanding audience 
engagement with interactive art. Chapter 6 proposes MINUET, a de-
sign framework for the understanding of the elements involved in 
the design of novel musical interfaces. Chapter 7 concludes with 
a discussion of the thesis findings and the implications for the re-
search areas of interest. 
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2.1 Introduction
This chapter explores the multidisciplinary foundation that underlies the studies discussed in this thesis. Inter-active music making is a rapidly growing multidiscipli-nary area that relates very closely to interaction design, psychology of music and algorithmic techniques.
The objective of this thesis is to design new experiences of mu-
sic making based on novel, intuitive interaction metaphors. This 
theoretical framing is tested in The Music Room, an interactive 
installation that allows visitors to direct the emotional character 
of an algorithmically generated music. The design process is par-
tially influenced by that of similar installations, and draws inspi-
ration from the design heuristics of musical interfaces, which are 
surveyed in Section 2.2. This survey revealed some gaps in existing 
design frameworks: in particular, interactive installations are not 
adequately considered. This gap led to the development of MINUET 
(Chapter 6), a design framework for musical interfaces, that helped 
to position The Music Room in a precise design configuration, and 
assisted in guiding the evaluation. To evaluate audience experience 
previous research discussing engagement with interactive installa-
tions was considered.
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The proposed interaction metaphor suggests exploiting emotions to 
mediate musical complexity. In order to create music with emotion-
al character, the associations between alterations to musical factors 
and changes in perceived emotion need to be investigated. To ex-
plore this issue, a research in the psychology of music was conduct-
ed and is reported in Section 2.3. Findings from these studies in-
formed the design of Robin, an algorithmic composer that adjusts 
composed music to users’ desired emotions in real time (Chapter 3). 
The compositional strategies driving the stochastic processes that 
create harmony, melody and rhythm draw inspiration from exist-
ing approaches to algorithmic composition (Section 2.4).
2.2 Interactive Music Making
Neuroscientists have long been fascinated by the unique de-
mands made on the nervous system when making music (Schlaug, 
Norton, Overy and Winner, 2005; Zatorre, Chen and Penhune, 
2007; Patel, 2010; Koelsch, 2011). Despite not being strictly neces-
sary to the survival of human species, music is in fact one of the 
most complex human activities. Robert Moog, one of the pioneers 
of electronic music, estimated that a skilled musician is able to gen-
erate about 1,000 bits/sec of meaningful information1. Music mak-
ing is traditionally regarded as a two-stage art consisting of compo-
sition and performance (Brauneis, 2014). 
Composition produces a score, i.e. a “stable, visually percep-
tible representation of melody, harmony and rhythm, using a sys-
tem of mostly discrete notation”. A score is then realized in perfor-
mance, i.e. “a real-time, low-deliberation, no-editing activity that 
is evanescent, unrepeatable, purely aural, and continuous” (Brau-
neis, 2014). Mastering both the knowledge of music theory that 
is necessary to compose quality music, and the practice of instru-
ment playing that is necessary to perform correctly, requires years 
of study and dedication. On the one hand, the learning effort nec-
essary to master composition and performance provides enjoyment 
for setting and following longer-term goals (Csikszentmihalyi, 
1991). On the other hand, it limits most people to enjoying music 
only by listening or dancing to melodies created by somebody else. 
Only trained musicians can master the intrinsic difficulties of com-
posing and performing quality music. 
1  
Moog,  
R. Keynote 
speech at NIME 
2004.
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2  
https://itunes. 
apple.com/us/
app/sug gester-
chord- 
progression/
id504740787
3 
 http://www.
guitar-pro.com/
en/index.php
4  
https:// 
fiddlewax.com
Music composition, in most genres, is grounded in com-
plex rules that describe the progression of melody, harmony and 
rhythm. The compositional rules, which act as a reference and sup-
port to composers in their pieces, require time and practice to be 
memorised and applied. At the present time, novel computation-
al systems have been developed to mimic the composer’s ability 
to write music by applying these rules via algorithmic techniques 
(Cope, 2005; Nierhaus, 2009; Boenn, Brain, De Vos, Ffitch, 2011). 
In these systems, compositional rules, manually or statistically 
trained, drive a number of stochastic processes that, in turn, pro-
duce original scores. Other computational systems (Suggester2, 
Guitar Pro3, Fiddlewax Pro4) also offer support to composers by facil-
itating song composition and arrangement. These systems propose 
to replace or complement theory books by providing easily accessi-
ble knowledge about music theory in an interactive way. 
Music performance is a highly demanding cognitive and mo-
tor challenge that demands skill development and automation. Per-
forming even a simple musical piece requires a host of skills to con-
trol pitch and rhythm over an extended period of time (Zatorre et 
al., 2007). To do so, a performer needs to process complex musi-
cal notation, translate it into bimanual motor activity and memo-
rise intricate musical passages (Schlaug et al., 2005). At the present 
time, novel Digital Musical Instruments (DMIs) have been aiming 
at easing this process by replacing or complementing traditional 
instruments. GarageBand for iPad5, for instance, offers simplified 
virtual models of traditional instruments (e.g. piano, string in-
struments, guitars), to ease performers’ cognitive and motor ef-
forts (Figure 2.2). The featured Smart Instruments allows users to 
create music by performing operations on auto-generated grooves 
and riffs. In the view of Ruismäki, Juvonen and Lehtonen (2013), 
the quality of the music generated by GarageBand is adequate, and 
the experience is fun. Other DMIs seek to ease music performance, 
discarding analogies with traditional instruments and redesigning 
the interaction with musical contents from scratch. The Reactable 
is one of the most successful attempts to provide novel solutions to 
create electronic music (Jorda, Geiger, Alonso and Kaltenbrunner, 
2007). Music is directed by placing and moving tangible blocks that 
are associated with a particular acoustic or musical element, on a 
touchscreen tabletop.
5
 https://
itunes.apple.
com/us/app/
garageband/
id408709785
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Figure 2.1. 
Curtis Bahn 
playing the 
S-Bass vs. 
a Reactable 
perfor-
mance.
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Figure 2.2. 
Screenshot 
of the Smart 
Instrument 
feature of 
GarageBand 
for iPad.
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A simple design space of interfaces for music making can be de-
scribed along a continuum that stretches from Digital Musical In-
struments (DMIs) to interactive installations (Wanderley & Orio, 
2002; Birnbaum, Fiebrink, Malloch and Wanderley, 2006). DMIs 
are technological artefacts that reproduce traditional instruments; 
interactive installations are artistic exhibits that allow music mak-
ing with hardware that bears little or no resemblance to instru-
ments. More articulated frameworks have focused mainly on DMIs 
by differentiating, for example, among augmented traditional in-
struments, instrument-like controllers, instrument-inspired con-
trollers, and alternate controllers (Miranda & Wanderley, 2006). 
This categorisation is device-oriented: while considering the simi-
larity to traditional instruments and the technology featured in the 
controller, it fails to account for the profound variations affecting 
the experience of the player. As an example, consider the difference 
between a bass player using an augmented bass like Curtis Bahn’s 
S-Bass (Bahn & Trueman, 2001) and a Reactable player (Jordà et al., 
2007) (Figure 2.1).
In the other pole of this design space reside interactive installations, 
i.e. those systems “that are only realized through a participant’s ac-
tions, interpreted through computer software or electronics, and those 
actions do not require special training or talent to perform” (Winkler, 
2000). Among interactive installations, there are very different char-
acters, scopes and goals, and they usually emphasise the user experi-
ence rather than a set of musical activities performed on an instru-
ment. Section 2.2.1 surveys previous studies that attempted to de-
fine the design space of DMIs and interactive installations. Section 
2.2.2 narrows the investigation to existing interactive musical in-
stallations. Research on the evaluation of interactive musical in-
stallations is very limited; thus, the investigation was extended to 
the broader design area of interactive art. Specifically, we exam-
ined methodologies to understand (Section 2.2.3) and to evaluate 
(Section 2.2.4) visitors’ engagement with interactive artworks.
2.2.1 Design Space
Over the last few years, the investigation of the design space of 
interfaces for music making has been arousing an increasing in-
terest. Most of the research in this area has restricted the focus to 
DMIs, disregarding interactive installations. However, the findings 
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discussed in some of these studies (Johnston et al., 2008; Wallis et 
al., 2013) can be partially extended to the broader design space that 
also includes interactive installations.
Two meta-reviews suggested how to catalogue DMIs from dif-
ferent perspectives. Drummond (2009) analysed the different ap-
proaches to the definition, classification and modelling of DMIs, 
while Marquez-Borbon and colleagues (2011) surveyed the methodo-
logical approaches from a design perspective. Johnston, Candy and 
Edmonds (2008) addressed this challenge from the general perspec-
tive of the interaction between players and musical instruments. 
Thus, they differentiated between instrumental (the musician has 
control over every aspect of the instrument), ornamental (the sys-
tem has control), and conversational (shared control). Similarly, 
Jordà (2004) centred the framework on the relation between play-
er and instrument, discussing issues of balance (between complex-
ity and simplicity), playability, learning curve, and instrument ef-
ficiency. A recent study presented by Wallis, Ingalls, Campana and 
Goodman (2013) narrowed the analysis to the musical instruments 
that inspire long-term engagement, and proposed seven heuristics 
to describe their qualities: incrementality, complexity, immedia-
cy, ownership, operational freedom, demonstrability, and cooper-
ation.
Other frameworks classified DMIs based on the type of gesture 
employed to control the musical interface. Overholt (2009), for ex-
ample, distinguished between intuitiveness and perceptibility of 
gestures, and between ergotic (gestures used to manipulate physi-
cal objects) and semiotic (gestures used to communicate meaning-
ful information, such as thumb up) gestures. From a different per-
spective, Hunt and Kirk (2000) analysed the strategies for mapping 
gestures onto synthesis parameters differentiating between analyt-
ical and holistic cognitive modes. The analytical mode is directed 
towards a particular goal, such as following a score, or mapping a 
sound into an instrument. Conversely, in the holistic mode, the lis-
teners perceive the overall effect of the music, disregarding individ-
ual instrumental voices. 
Only a few studies have broadened the scope of the design 
space of musical interfaces by additionally considering interactive 
installations (Wanderley & Orio, 2002; Blaine & Fels, 2003; Birn-
baum et al., 2006; Erkut, Jylhä and Disçioglu, 2011). Among these, 
Birnbaum and colleagues (2006) based this broader design space on 
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seven dimensions: required expertise, musical control, feedback 
modalities, degrees of freedom, inter-actors, distribution in space, 
and role of sound. Blaine and Fels (2003) also proposed a number of 
design dimensions with a focus on collaborative systems: physical 
devices, type of interaction, learning curve, pathway to expertise, 
level of physicality between players, directed interaction and mu-
sical range.
Other studies have attempted to address the issue of evalu-
ating control and usability of DMIs and interactive installations. 
Among these, Wanderley and Orio (2002) suggested drawing in-
spiration from HCI techniques for the evaluation of the control and 
usability of musical interfaces. This framework is based on learn-
ability, explorability, feature controllability, and timing control-
lability. Erkut and colleagues (2011) addressed this issue from the 
viewpoint of the modality of interaction: the interface can employ 
a simple modality (visual or auditory), or multiple modalities by 
integrating simple modalities. It is worth noting how most of the 
dimensions presented in this last set of studies greatly differ from 
those traditionally adopted when classifying DMIs only (e.g. role 
of sound, distribution in space, feedback modalities and type of 
interaction).
The contribution of these works towards a better understand-
ing of the design space of interfaces for music making is indisputa-
ble. However, the actual application of any such framework in the 
design of novel interfaces is nearly nonexisting. A possible reason 
is that the quality of a framework should be based on how it helps 
designers to stimulate creativity and allows them to delve into the 
design process. Furthermore, the increasing number of interactive 
installations operating in the musical domain suggests that fur-
ther research should be conducted in this area. 
2.2.2 Collaborative music making
Interest in research on the design of DMIs and interactive instal-
lations for music making has been growing in the last decade 
(Blaine & Fels, 2003).  Most of them rely on collaborative behaviour 
between groups of visitors. Following the emphasis of this thesis, 
we cluster this research into two categories: i) musical interfaces 
that target an audience that have at least some musical training; 
ii) musical interfaces that target untrained users.
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The first category counts a number of tangible interfaces, such 
as the Reactable (Jordà et al., 2007). Similarly, Jam-O-Drum exploits 
tabletop technology to foster collaborative improvisations (Blaine 
& Perkis, 2000), and the AudioPad allows performers to control 
sound synthesis via tangible interaction (Patten, Recht and Ishii, 
2002). These systems combine visually-pleasing aesthetic with col-
laboration-oriented features. In this framework, rather than oper-
ating on low-level musical parameters, as with traditional instru-
ments, players encode their musical meanings in higher-level mu-
sical structures (e.g. sequencers, scale selection, envelopes, beat) 
that decrease the cognitive and motor effort required for making 
music. Despite of this, higher-level musical structures are still un-
likely to convey any meaning to untrained users. 
The second category counts a novel wave of collaborative sys-
tems that specifically address untrained users. These systems ex-
ploit the concept of active listening (Rowe, 1992): users can inter-
actively control the musical content by modifying it in real time 
while they are listening to it (Camurri, Canepa and Volpe, 2007). 
Following this concept, several works have sought to enable peo-
ple to shape musical content through collaborative interaction (Ma-
chover, 1996; Camurri, Volpe, Poli and Leman, 2005; Camurri, Var-
ni and Volpi, 2010). In the following paragraphs, we describe a few 
of these projects.
In Mappe per Affetti Erranti a group of people can experience 
active listening by exploring pre-composed music and navigating 
a physical and emotional space (Camurri et al., 2010). The installa-
tion specifically encourages collaboration, as music can only be ap-
preciated in its full complexity if the participants cooperate with 
each other by moving throughout the space. The interaction space 
is divided into several areas, each associated with a melody, which 
is triggered only when a visitor is present in the area. Additional-
ly, different expressive intentions can be selected by performing ex-
pressive gestures. For instance, hesitant behaviours cause the corre-
sponding melody to be produced at the volume of a whisper. Mappe 
per Affetti Erranti encourages strangers to collaborate in the artistic 
creation of music. This collaborative approach was also employed in 
TouchMeDare (van Boerdonk, Tieben, Klooster and van den Hoven, 
2009). Two or more people can make music by interacting through 
a canvas, and pre-composed music samples are only triggered when 
the canvas is simultaneously touched by more than one user. 
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Other studies have mediated collaboration between participants us-
ing mobile phones. Among them, Sync’n’Move allows users to ex-
perience music with social interaction (Varni, Mancini, Volpe and 
Camurri, 2010). Two users freely move their mobiles, and the com-
plexity of music orchestration adjusts proportionally to the syn-
chronisation of their movements. Accordingly, if synchronisation 
fails, there is no orchestration at all; if synchronisation is only par-
tially achieved, the orchestration is quite elementary; in the case 
of perfect synchronisation, the orchestration is complete. Based 
on a similar design, MoodifierLive allows the control of automatic 
music performances through a number of interaction modes based 
on user collaboration via gestures performed using a mobile phone 
gestures (Fabiani, Dubus, and Bresin, 2011).
Other works have endeavoured to exploit human expressive-
ness and emotions to influence the status of the system (Camurri et 
al., 2005; Camurri et al., 2010), using body gestures (Mancini, Cas-
tellano, Peters and McOwan, 2011) and dance movements (Camur-
ri, Lagerlöf and Volpe, 2003). Most these systems exploit video anal-
ysis techniques ranging from simple position tracking (Camurri et 
al., 2010) to complex full-body and hand-movement tracking. One 
of the most elaborate systems is EyesWeb, a platform for the design 
and development of real-time multimodal systems specifically de-
signed to track the gestures of performers and to extract expressive 
content (Camurri et al., 2000).
The interaction metaphors proposed by the surveyed works are 
innovative and have contributed in different ways to empower un-
trained users to actively operate on musical elements. However, 
in most of the studies, the design process of the interfaces is only 
partially described, hampering the establishment of best practices 
and neglecting insights for other researchers interested in building 
similar interfaces. Furthermore, there is very little if any evalua-
tion of the player’s experience. In some exceptional cases, the eval-
uation is limited to administering questionnaires (van Boerdonk et 
al., 2009; Varni et al., 2010) or to testing the quality of the system 
(Fabiani et al., 2011). To remedy this gap, we examined the broader 
design space of interactive art in order to review methods to under-
stand visitors’ experience.
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2.2.3 Evaluating Experience in Interactive Art
The interest of the scientific community in interactive (art) installa-
tions is slowly but steadily growing (England, 2012). This accounts for 
the increasing number of collaborations between researchers, practi-
tioners and artists. Yet, specific challenges related to understanding 
audience experience and engagement remain unsolved (Edmonds, 
2010). In the last few years, designers and artists have come to rec-
ognise the need to evaluate experience with interactive installations 
(Edmonds, 2010) using a diversity of `methods. Candy, Amitani and 
Bilda (2006) described the research methods most often adopted to 
study the interactive art experience: direct observation, observation 
via video recording, contextual interviews, and video-cued recall.
Following an ethnography-inspired approach, Morrison and 
colleagues (2007) proposed a method for evaluating the human ex-
perience in relation to interactive art: according to them, the art-
ist should become a hidden participant, take part in informal dis-
cussions with participants in situ, and ask them to complete formal 
questionnaires. Following an expert-based approach, Amabile (1996) 
proposed the consensual assessment technique to measure the cre-
ativity of products and processes, employing the subjective assess-
ment of experts.
Šimbelis and his colleagues (2014) proposed a method based on 
a variant of  Gavers’ cultural commentators to facilitate a dialogue 
between Metaphone, an artwork aiming at conceptualizing ma-
chine aesthetics (i.e. an art style exposing the inner aesthetics of the 
technology), and a group of artists. In the original proposal by Gaver 
(2007), cultural commentators were selected outside of the native 
community of practice “as resources for multi-layered assessment” 
of pieces of design. Invited commentators were asked to reflect upon 
the work by producing interpretations in a form that mirrored their 
professional backgrounds (e.g. a documentary for filmmakers, a sto-
ryboard for writers). With respect to the original method, this ap-
proach was applied to the evaluation of interactive installations, but 
with two changes: the commentators were selected from inside the 
community of interest, and their interpretations were collected in 
the form of verbal accounts. Despite these alterations, this method 
allowed the collection of interesting feedbacks and critiques, con-
firming that commentators had experienced the installation as orig-
inally intended by the designer.
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2.2.4 Engagement in Interactive Art
Edmonds, Muller and Connell (2006) discussed engagement with 
interactive art in terms of three attributes distributed along a tem-
poral dimension: attractors, sustainers and relaters. Attractors are 
those features that initially catch visitors’ attention and cause pas-
sers-by to notice the work. Sustainers are those peculiar features of 
the work that, once the audience has been attracted, keep the au-
dience engaged. Relaters are those features that ensure a long-term 
interest in the work once the initial pleasure has worn off, stimu-
lating the audience to return to the work on future occasions.
Engagement with interactive installations is believed by Mor-
rison, Mitchell and Brereton (2007) to vary widely among people. 
It would be inappropriate to expect the generation of uniform ex-
periences and to consider an artwork successful only if every par-
ticipant has engaged with it as expected by the designer. Design 
should in fact anticipate multiple interpretations of the system 
(Sengers & Gaver, 2006) given by the “user’s interpretation, under-
standing, attitudes, personality and expectations of computer cul-
ture” (Hook et al., 2003).
Elaborating on the role of subjective variability, Bilda, Ed-
monds and Candy (2008) highlighted the importance of subvert-
ing expectations to foster engagement with interactive art. In their 
view, engagement is a transformative dialogue between the partic-
ipant and the artwork. Participants explore installations based on 
their expectations: if expectations are not met, they may become 
curious, continue exploring the system and eventually reconsider 
their intentions and expectations. To this end, making the intend-
ed result ambiguous to the audience can foster their creative en-
gagement: an uncertain mode of interaction has the highest poten-
tial for creative engagement, as users can derive creative outcomes 
or increased understanding.
This position is shared by Gaver and colleagues (2004), who 
claimed that designing ambiguous applications, in terms of their 
interpretation and meaning, involves avoiding a clear narrative of 
use. Unclear narratives of use reduce the worry of failure, as the 
outcome of the interaction cannot be formally assessed (Csikszent-
mihalyi, 1991). However, the unpredictability of a system should 
be balanced by predictability. Predictable interactions risk boring 
their audience and lessening audience interpretation, but high 
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unpredictability risks alienating the audience “making them feel 
stupid and out of control entirely” (Höök et al., 2003).  On a similar 
note, Kwastek (2013) claimed that the relationship between chance 
and control is central to the experience in interactive art: explor-
ing the functionality of the work is an important component of au-
dience engagement. These concepts originate from HCI research 
on designing for appropriation in interactive systems. According 
to Alan Dix (2007), appropriation occurs when “people do not ‘play 
to the rules’: they adapt and adopt the technology around them in 
ways the designers never envisaged”.
2.2.5 Thesis Contribution
The literature review on existing interactive musical installations 
revealed a research gap on the design and evaluation process of 
these systems. We argue that in such a design-oriented field of re-
search, prototyping and experience evaluation should not be over-
looked. Endorsing this belief, this thesis aims to establish new 
knowledge and insights for the design and evaluation of musical 
interfaces. In particular, it provides three main contributions:
1. Chapter 4 presents the design of The Music Room, an inter-
active installation to open new experiences of music making to a 
wide audience. The contribution of this work to the design commu-
nity is the adoption of a new interaction metaphor based on emo-
tions to mediate the complexity of music making. Furthermore, 
we describe and discuss a process for the conceptual design based 
of interactive installations based on different prototyping tech-
niques.
2. Chapter 5 proposes a method to support the evaluation of 
the experience of visitors with interactive musical installations. 
In particular, we propose the integration of evidence from quanti-
tative and qualitative methods to understand audience experience 
and engagement. Results also inform the concept of engagement 
with interactive art.
3. Chapter 6 presents MINUET, a framework intended to (i) 
stimulate reflection when designing novel musical interfaces, 
and (ii) help designers to position, shape and evaluate their systems. 
As well as incorporating all of the varieties of musical interfaces, 
MINUET shifts the focus of previous frameworks, defining a design 
space of musical interfaces centred on players’ experience.
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2.3 Music and Emotion
Researchers and musicians have long been challenged by the task 
of understanding the factors that contribute to imparting a spe-
cific emotional connotation to music (Hevner, 1935). Categorising 
and measuring emotions are demanding tasks that become even 
more challenging when the emotions are associated with music. 
The expressive strategies adopted by composers and performers are, 
in fact, not always accessible to conscious introspection (Juslin & 
Timmers, 2010). The research that has explored this issue provides 
evidence for the criticality of this challenge. Over 100 experimen-
tal studies have sought to map musical factors to emotional expres-
sions. For a complete review, interested readers can refer to (Juslin 
& Sloboda, 2010).
Effectively, research on the psychology of music suggests that 
the interpretation of the emotional expression in music depends 
both on structural and performative rules (Livingstone, Mühlberg-
er, Brown and Loch, 2007). Structural rules are selected by the com-
poser and relate to the music score itself. Performative rules relate to 
the performer’s expressive interpretation of the score. Each rule pre-
scribes the association between musical factors and the emotional 
effect produced by their modification. Structural rules are defined 
by combining structural factors such as tempo, mode, sound level, 
pitch range and pitch contour (Temperley, 2004; Ilie & Thompson, 
2006; Gabriellson & Lindström, 2010). Performative factors are de-
fined by combining performance factors such as articulation, tim-
ing, phrasing, register, timbre, and attack (Bresin & Friberg, 2000; 
Juslin & Sloboda, 2010; Gabriellson & Lindström, 2010; Bresing & 
Friberg, 2011). Different combinations of these factors offer a wide 
range of variability in the spectrum of emotional communication. 
For instance, in the last movement of the Symphony No. 6 Patheti-
que, Tchaikovsky expressed his deep sorrow through use of the mi-
nor mode and slow andante lamentoso tempo; in contrast, Vivaldi 
evoked happiness with the major mode and fast allegro tempo in 
his Primavera from Le Quattro Stagioni.
The experimental study of the human emotional response to 
music is complex and directly relies on the theoretical background 
on emotion, as well as the experimenter’s ability to manipulate 
music and measure the listener response. Section 2.3.1 discuss-
es different models of emotions, focusing on their adequacy in ac-
counting for the emotional response to music.
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2.3.1 Models of Emotions
The first studies that systematically probed the nature of emotions 
used a categorical approach. This approach postulates that all emo-
tions can be derived from a finite number of monopolar factors of 
universal and innate basic affects. Usually, these include happiness, 
Figure 2.3. 
Russell’s 
circumflex 
model of 
emotions 
(image from 
Russell, 
1980).
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fear, anger, disgust and sadness (Ekman, 1992). Despite being em-
ployed by several experimental studies in psychological, physiolog-
ical and neurological studies, the main limitation of this approach 
is related to disagreement about the actual number and labels of 
categories (Zentner & Eerola, 2010). Furthermore, research on the 
psychology of music suggests that this theoretical background can 
introduce a major confound in the evaluation of emotion in music. 
Indeed, if the identification of the listener’s emotion is mediated by 
verbal expression, it will be affected by his or her own ability to un-
derstand verbal labels (Gagnon and Perez, 2003).
The first arguments supporting the claim that affective states 
are not independent but are systematically related to each oth-
er dates back to 1952, when psychologist Harold Schlosberg (1952) 
derived a circular representation of emotions described along the 
dimensions of pleasantness-unpleasantness and attention-rejec-
tion. Two years later he extended the model with a third dimen-
sion, sleep-tension (Schlosberg, 1954). In the following years, oth-
er two- and three-dimensional models of emotions were proposed. 
The two-dimensional model was supported by Russell (1980), who 
argued that additional dimensions only account for a small propor-
tion of variance, and that there is minimal consensus about their 
interpretation. In the same paper, Russell presented his renowned 
circumflex model of affect (Russell, 1980).
In this model, emotions are described as a continuum along 
two dimensions: valence, which refers to the pleasure vs. displeas-
ure affective state, and arousal, which refers to the arousal vs. sleep 
difference (Figure 2.3). Despite being widely adopted in several 
fields of research, the limitations of this model were acknowledged 
by the author himself (Russell, 1980). Among others shortcomings, 
he noted that the affective states in which the two dimensions are 
convergent (i.e. positive valence and high arousal, and negative va-
lence and low arousal) occur more frequently than do the affective 
states in which they diverge (Russell, 1980).
For the purposes of classifying emotions in music, both categori-
cal and dimensional approaches have been widely employed (Zent-
ner & Eerola, 2010; Bresin & Friberg, 2011). For example, the cate-
gorical approach was adopted by Gabrielsson (1995) when studying 
the set of basic emotions that can be elicited in listeners. He iden-
tified anger, sadness, happiness, fear, solemnity and tenderness. 
In some cases, musically inappropriate categories, such as disgust 
41
and surprise, have been replaced with more fitting emotional cat-
egories such as tenderness and peacefulness (Gabrielsson & Juslin, 
1996; Zentner & Eerola, 2010).
The dimensional approach has been adopted by dozens of stud-
ies in the psychology of music (Schubert, 1999; Ilie & Thompson, 
2006; Juslin & Sloboda, 2010), often employing the valence and 
arousal dimensions (Russell, 1980). This approach is considered to 
be better able to determine gradients of emotions more effectively 
than fixed categories can, although a general consensus posits that 
the two-dimensional model may not be able to account for all of 
the variance in music-mediated emotions (Ilie & Thompson, 2006; 
Zentner & Erola, 2010). For instance, this model closely locates emo-
tions that are commonly regarded as distant, like anger and fear, 
which are both negatively valenced and highly active (Zentner & 
Erola, 2010). Despite the lack of agreement concerning what kind 
of model of emotions provides the best fit for perceived emotions 
in music (Zentner & Eerola, 2010), the literature reflects a strong 
preference for the dimensional approach, as it allows a finer assess-
ment of emotions and it has better semantic resolution (Schubert, 
1999). In this thesis, we employ the dimensional approach to sys-
tematically manipulate emotional connotation based on structur-
al factors.
2.3.2 Stimuli Selection
Technical limitations have long restricted the possibilities for re-
searchers to conduct experimental studies in the field of the psy-
chology of music. The very first experiments on music perception 
actually involved live performances by professional musicians (Gil-
man, 1891; Downey, 1897). Listeners reported a variety of emotions, 
and some tentative relationships between musical factors and emo-
tions were proposed (for instance, descending triads were perceived 
by listeners as sad). Subsequently, modern recording and synthe-
sis techniques have allowed experimenters to gain partial control of 
stimuli either by using existing tracks or by playing pre-composed 
musical sequences. Using existing music ensures good ecological 
validity (i.e. musically acceptable pieces), but conclusions regard-
ing the effects of individual musical parameters remain merely 
tentative (Robazza, Macaluso and D’Urso, 1994; Vieillard, Madur-
ell, Marozeau and Dacquet, 2005; Gabrielsson & Lindström, 2010).
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An alternative approach is to systematically manipulate separate 
factors in short ad hoc composed sound sequences. If, on the one 
hand, this approach reduces the ecological validity of the music, it 
improves the experimenter’s control, permitting the manipulation 
of separate factors, and thus allowing the researcher to systemat-
ically analyse the effects of the tested factors (Gabrielsson & Lind-
ström, 2010). In some extreme cases, a number of musical factors 
(e.g. intervals, mode, tempo, tone) were manipulated and tested 
in short sound sequences without musical context. This method, 
however, impoverishes the ecological validity. A trade-off between 
these two approaches combines ecological validity with a systemat-
ic manipulation of musical factors within a musical context (exist-
ing pieces of music or ad hoc composed excerpts). Still, manipulat-
ing some of the factors in existing music might result in musically 
unnatural stimuli (Gabrielsson & Lindström, 2010).
Gabrielsson and Lindström (2010) claimed that there is not a 
single correct alternative to select musical stimuli in a listening 
experiment, as all of them are affected by important limitations. 
However, when testing the influence of musical factors on the elic-
ited emotions, there is a need to combine ecologically valid and mu-
sically natural music with systematic control over the tested fac-
tors.
2.3.3 Measuring Responses
Measuring listeners’ emotional responses to stimuli is another de-
marcation line in music perception studies. This task is particularly 
complex, as emotions are subjective phenomena that differ among 
individuals, contexts and moments. Fortunately, research in psy-
chology provides several techniques to assess these subjective emo-
tional responses with some reliability. For those interested in a 
comprehensive review of this topic, we refer the reader to (Zentner 
& Eerola, 2010).
Most studies in the psychology of music have measured per-
ceived emotions, following a self-reported approach (Zentner & Ee-
rola, 2010). In this approach, participants subjectively assess their 
experienced emotions by means of questionnaires, and at times us-
ing pictorial versions (Bradley & Lang, 1994). The emotional scales 
adopted to retrieve this information are based on categorical or di-
mensional models of emotions, with a strong preference for the 
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circumflex model (Zentner & Eerola, 2010). Self-reported emotions 
can be collected either post-performance or continuously. Most 
studies have adopted the former approach. In this case, a single ret-
rospective rating is provided after stimulus exposure (Zentner & Ee-
rola, 2010). In other cases, the perceived emotion is continuously 
recorded while listening to music (Schubert, 2010). This alternative 
allows the detection of periodic fluctuations in response to musical 
variations (Schubert, 2001), but it exerts high cognitive loads on the 
participants (Zentner & Eerola, 2010). Another limitation of this ap-
proach refers to the participants’ bias, as listeners can sometimes 
guess the objective of the research, and may accordingly adjust 
their rating to conform to perceived expectations (Västfjäll, 2010).
Figure 2.4. 
Hevner’s 
circular con-
figuration 
of emotions 
with updat-
ed termi-
nology from 
Schubert, 
2003 - which 
was readapt-
ed using the 
circumflex 
model.
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To overcome these limitations, in the last few years, a few stud-
ies of emotions in music have applied measures of affective states 
using psycho-physiological sensing (Hodges, 2010; Trost, Ethofer, 
Zentner and Vuilleumier, 2011). This method can capture emotion-
al aspects that might not be plainly evident to listeners. Howev-
er, this method is still in its infancy and may require the listener 
to wear intrusive equipment. Most research continues to employ 
self-reported measures (Västfjäll, 2010). In the next subsection, we 
summarise, the most relevant findings obtained through this ap-
proach. 
2.3.4 The Effect of Mode and Tempo
One of the first studies aiming to identify the association between 
musical factors and changes in emotional expression was per-
formed by Kate Hevren in 1937. First, she arranged a large num-
ber of emotions in eight clusters placed in a circular configuration. 
Then, each cluster was associated with an adjective, and she inves-
tigated the effect of musical factors on each cluster. This adjective 
clock, which clearly resembles Russell’s circumflex model (Russell, 
1980), was readapted in the dimensions of valence and arousal by 
Schubert (2003), who redistributed the emotions into nine clusters 
(Figure 2.4).
In recent years, research on the psychology of music has showed re-
newed interest in understanding the musical factors affecting emo-
tion (Bresin & Friberg, 2000; Meyer, 2008; Fritz et al., 2009; Gabri-
elsson & Lindström, 2010; Bresin & Friberg, 2011). A comprehensive 
guide reporting the main findings can be found in the book by Jus-
lin and Sloboda (2010), which describes the emotional response to 
both structural and performative factors. In this thesis, we concen-
trate mainly on structural factors (i.e. those related to the musi-
cal score itself), as our objective is to algorithmically generate the 
musical structure. In particular, our review focuses on tempo1 and 
mode, generally recognised as the most expressive structural el-
ements, with a subtle predominance of tempo (Gundalach, 1935; 
Rigg, 1964; Juslin, 1997; Gagnon & Perez, 2003; Gomez & Danus-
er, 2007). Most of the related work adopted the circumflex model 
to classify listeners’ emotional responses to the alteration of struc-
tural parameters. Exploiting the dimensions proposed by this mod-
el, tempo was proved to have a major impact on arousal and a mi-
nor impact on valence, while mode only impacts valence (Gagnon & 
6
Tempo can be 
considered both 
as a performa-
tive and a struc-
tural factors. 
When referred 
as a strucutral 
factor, it is bet-
ter described as 
“note density”.
Aware of this 
distinction, 
for the sake of 
simplicity, in the 
remaining of the 
thesis, we will 
simply refer to 
“tempo”.
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Perez, 2003). With respect to tempo, high arousal is associated with 
fast tempo and low arousal with slow tempo. With respect to mode, 
positive emotions are associated with major mode and negative 
emotions with minor mode. Also, but to a lesser extent, fast tempo 
stimulates positive emotions and slow tempo stimulates negative 
emotions. These findings are summarised in Table 2.1.
Table 2.1. Influence of mode and tempo in valence and arousal.
VALENCE AROUSAL
MODE
major ++
minor --
TEMPO
fast + ++
slow - --
Still debated is the emotional response when the combination of 
tempo and mode diverges (i.e. music played with major mode and 
slow tempo, or minor mode and fast tempo). These conditions 
should have opposite effects on perceived valence. Gagnon & Perez 
(2003), testing this hypothesis with 32 untrained musicians, con-
firmed that mode  and tempo  have indeed the highest relevance 
for communicating emotions, and they showed that this result is 
stronger in cases of convergent conditions (i.e. major mode com-
bined with fast tempo or minor mode combined with slow tempo). 
When the two conditions are divergent, participants seemed to re-
ly more on tempo than mode. Webster & Weir (2005) investigated 
this issue, taking into consideration listeners’ expertise. Their re-
sult disagreed with Gagnon and Perez (2003), showing that in the 
case of diverging conditions, listeners reported similar, neutral val-
ues. A limitation of both studies was their reliance on dichotomous 
classification of emotion (happy vs. sad).
This subsection suggests that, to some degree, the effect of 
mode and tempo on valence and arousal have already been inves-
tigated. However, more research is required to better understand 
emotional response in the case of divergent conditions of mode and 
tempo. In particular, given the double action of mode and tempo, 
the perception of valence when mode and tempo suggest opposite 
emotions remains unclear.
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2.3.5 The Influence of Other Structural Factors
In addition to tempo and mode, other structural factors have been 
found to have an influence on the perceived expressiveness of mu-
sic. In this thesis we specifically focus on sound level, pitch con-
tour, interval stability and pitch register. This particular subset of 
structural factors was selected on the basis of their relevance for 
communicating emotions, and their applicability in the architec-
ture of Robin, the algorithmic composer (refer to Section 3.3). In 
the remaining text of the section, the emotional response related to 
these musical factors is discussed and is summarised in Table 2.2.
Tempo. Tempo has a major impact on arousal and a minor im-
pact on valence. Specifically, fast tempo results in high arousal and 
positive valence, and slow tempo results in low arousal and nega-
tive valence (Gabrielsson & Lindström, 2010).
Mode. Mode has an influence on valence only. In particular, 
major mode communicates positive valence and minor mode com-
municates negative valence (Gabrielsson & Lindström, 2010).
Sound level. Sound level is a continuous variable that determines 
the volume (velocity) of the musical outcome. Sound level intensi-
ty is directly proportional to the arousal communicated in the lis-
tener. In addition, high variations of sound level may suggest neg-
ative emotions, whereas low variations tend to communicate posi-
tive emotions (Gabrielsson & Lindström, 2010).
Pitch contour (melody direction). A general agreement on the rel-
evance of pitch contour for emotional expression does not exist. 
However, several studies have suggested that ascending melodies 
tend to be associated, among other emotions, with happiness, se-
renity and potency, while descending melodies are associated with 
sadness, vigor and boredom (Gabrielsson & Lindström, 2010).
Interval stability. Fritz and colleagues (2009) suggested that con-
sonance is universally perceived as being more positive than disso-
nance. Listeners’ culture and musical training do not appear to in-
fluence this.
Pitch register. High pitch register is associated with positive emo-
tions (and at times, fear and anger), while low pitch is mostly asso-
ciated with sadness (Gabrielsson & Lindström, 2010).
In addition to these structural factors, the concept of expectations 
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was also considered, as it influences the perceived valence of music 
to a reasonable extent. Meyer (2008) explained that the fulfilment 
and the frustration of expectations impact the emotional response 
of the listener. According to this perspective, resolution and repe-
titions may suggest positive emotions, while lack of resolution can 
indicate negative emotions. 
Table 2.2. Mapping between musical structures and the emotional dimensions  
of valence and arousal
VALENCE AROUSAL
MODE
Major Positive
Minor Negative
TEMPO
Fast Positive  (less influential) High
Slow Negative  (less influential) Low
SOUND LEVEL
High Negative  (variation) High (intensity)
Low Positive  (variation) Low (intensity)
PITCH 
CONTOUR
Ascending Positive
Descending Negative
INTERVAL 
STABILITY
Consonance Positive
Dissonance Negative
PITCH  
REGISTER
High Positive
Low Negative
EXPECTATIONS
Fulfilment Positive
Frustration Negative
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2.3.6 The Effect of Expertise in Evaluating Emotions
The extent to which emotional attribution in music is mediat-
ed by listeners’ musical training has a very limited yet well-estab-
lished research literature (Hargreaves & North, 2010). Since Kate 
Hevner (1935) found that major and minor modes were respectively 
mapped to happiness and sadness independently of musical train-
ing, among the studies that have addressed this matter, most of 
them have endorsed the opinion that the emotional perception of 
music is universal and not influenced by listeners’ musical exper-
tise. These studies provide support to the hypothesis that musical 
competence is rooted in innate predisposition, shared among the 
general population (Bigand & Poulin-Charronnat, 2006).
For instance, Bigand and colleagues (2005) tested in an exper-
imental study the influence of musical expertise on emotional re-
sponse to music. Participants, divided into two groups of experts 
(graduate music students) and non-experts (students without mu-
sical training), were asked to group 27 musical excerpts by similar-
ity of elicited emotions. Results disclosed that expertise did not in-
fluence the subjects’ emotional responses. Similar results emerged 
from the study of Robazza and colleagues (1994). Eighty subjects (40 
children and 40 adults) were asked to rate the emotions elicited by 
different pieces of music. Children were divided according to their 
exposure to music – 20 children took music classes at school and 20 
did not. Adults were divided according to their musical expertise - 
20 adults had diplomas from a school of music and 20 lacked any 
formal musical experience. Experts and non-experts yielded simi-
lar results when evaluating the emotional connotations of music.
In contrast, other empirical research has highlighted differ-
ences due to musical training, thus supporting the implicit learn-
ing hypothesis associating musical competence to intensive musi-
cal training (Bigand & Poulin-Charronnat, 2006). Webster and Weir 
(2005) endorsed the idea that some perceptual differences between 
groups of expert and non-expert musicians exist. The objective of 
the study was to test whether mode, tempo and texture (i.e. mu-
sic harmonisation) have an influence on the judgement of happy 
vs. sad music. A total of 177 college students were asked to self-re-
port their expertise on a scale of 1 to 5. The authors treated expertise 
as a covariate in an ANOVA analysis, which returned significant 
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differences in the evaluation of texture only. Those with low exper-
tise tended to assign sadder ratings to harmonised music. Despite 
offering the intuition that expertise can indeed mediate music per-
ception, this study had two limitations: (i) it relied on a categorical 
model, considering the emotions of happy and sad; (ii) the effect of 
expertise was controlled as a continuous variable, rather than se-
lecting participants at the extreme of the distribution.
The results of a recent study conducted by Castro and Lima 
(2014) contrasted with previous findings. Musically trained and un-
trained participants divided into two age groups (N=80) were asked 
to rate the perceived emotions of a set of music excerpts previously 
validated to express four basic emotions (i.e. happiness, peaceful-
ness, sadness and fear/threat). The results showed a correlation be-
tween length of musicians’ training and sensitivity to the intended 
emotions. More research is required to understand the effect of mu-
sical training on humans’ emotional perception of music. 
2.3.7 Thesis Contribution
This thesis aims to address some of the gaps highlighted in this re-
view. Specifically, it provides three contributions: 
1. Section 3.2 reports an empirical study on the influence of ex-
pertise in evaluating valence and arousal. The method attempts to 
systematically test the effect of expertise on the perception of struc-
tural factors in the circumflex model by systematically manipulat-
ing tempo and mode, and contrasting the perceptions of two groups 
of trained and untrained musicians. 
2. Our results provide partial support to the inner predisposi-
tion hypothesis, showing that musical training does not affect the 
perception of arousal and valence in convergent conditions of mode 
and tempo manipulation. However, when the conditions diverge, 
trained listeners seem to be more sophisticated in understanding 
valence than untrained listeners, thus supporting the implicit 
learning hypothesis.
3. In Section 3.4, we discuss the possibility of exploiting Rob-
in, an affective algorithmic composer, as a stimuli generator for ex-
perimental studies of music perception. An advantage offered by 
Robin is the possibility of generating ecologically valid music with 
systematic control of the tested factors.
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2.4 Algorithmic Music Composition
One of the earliest attempts to exploit randomness for musical com-
position dates back to the end of the 18th century. In 1787, Mozart 
wrote the compositional rules of Musicalisches Würfelspiel (‘Musi-
cal Dice Game’) that used dice throws to compose a minuet. In es-
sence, short sections of music were assembled according to the rolls 
of dice to form a minuet with 1.3 × 1029 possible combinations. Giv-
en these rules, the musicality of the resulting music relied on the 
coherence of the pre-composed music sections.
During the 20th century, groundbreaking scientific theories 
- proposed, among others, by Albert Einstein (1905) and Erwin 
Schrödinger (1926) - contributed to defining the influence of cha-
os in the physical and mathematical laws that govern the universe. 
Beyond their influence on science and philosophy, the concepts of 
chaos and randomness fascinated artists of many fields. John Cage, 
Iannis Xenakis and Lejaren Hiller, three of the best contemporary 
musicians of the last century, engaged with a number of composi-
tions that explored stochastic processes (i.e. evolutions of random 
values over time) for composing music (Schwartz & Godfrey, 1993).
In the final decades of the last century, the interest in exploit-
ing randomness in compositions reemerged due to the improved 
power of computational systems. Initially, mathematical mod-
els were used to manipulate timbers, often by means of additively 
synthesised sounds (Jacob, 1996). Gradually, computers have been 
used as randomising agents capable of creating unpredictable com-
positions through algorithmic techniques (Jacob, 1996), exploiting 
the mathematics of fractals, neural networks, and chaotic iterative 
processes (Miranda, 2001).
The improved computational power also contributed to de-
veloping algorithms capable of composing music with complex 
structures that are correct from a phraseological perspective (Cope, 
2005). In the meantime, recent studies in music perception (Jus-
lin & Sloboda, 2010) were combined with research on algorithmic 
composition techniques (Cope, 2005). This encounter produced al-
gorithmic affective composers (Livingstone et al., 2007; Hoebere-
chts & Shantz, 2009). The next three subsections review the most 
common approaches to algorithmic composition: rule-based, 
learning-based, and the evolutionary approach (Todd & Werner, 
1999). For a more complete review, refer to (Roads & Strawn, 1985; 
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Miranda, 2001). Finally, the last subsection discusses the existing 
algorithmic affective composers.
2.4.1 Rule-Based Approach
The rule-based approach proposes to define a set of compositional 
rules, manually or statistically defined, that provide information to 
the system on how music should be created (Henz, Lauer and Zim-
mermann, 1996; Boenn, Brain and De Vos, 2008). Original music is 
generated by a number of stochastic processes driven by these rules, 
which can be very basic, as in the previously mentioned musical 
dice games by Mozart, but they can also embody complex harmo-
nisation rules (Todd & Werner, 1999). Several rule-based algorithms 
are based on generative grammar, an approach to music syntax 
often structured with precise hierarchies of rules (Lerdahl & Jack-
endoff, 1985). Steedman (1984) proposed one of the most important 
studies exploiting the generative grammar approach. He developed 
a generative grammar that implements chord progressions in jazz 
compositions as stochastic processes.
The quality of the music generated with this approach depends 
substantially on the quality of human intervention. In fact, the 
rules have to be manually coded, and the diversity and quality of 
musical outcomes depends on the number of taught rules (Steed-
man, 1984; Wallis, Ingalls, Campana and Goodman, 2011). As a 
consequence, algorithm designers need to have a deep knowledge 
of music theory and a clear sense of their compositional goals.
2.4.2 Learning-Based Approach
The learning-based approach proposes to reduce the reliance on 
human skills, instead training the system with existing musical 
tracks. The system is trained with existing musical excerpts and 
rules are automatically added (Brooks, Hopkins, Neumann and 
Wrigh, 1957; Hiller & Isaacson, 1957). Following this approach, Si-
mon, Morris and Basu (2008) developed MySong, a system that 
automatically selects chord accompaniments given a vocal track. 
This study was followed by a commercial application - Songsmith 
– developed by Microsoft Research7, which includes the possibili-
ty of automatically composing an entire song starting from the vo-
cal melodies sung by the user. The system first roughly predicts the 
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notes in the vocal melody and it subsequently selects the sequence 
of chords that best fits the singing. A music database of 300 musical 
excerpts trains a Hidden Markov Model (HMM) that instructs the 
system with basic statistics related to chord progressions.
Another system exploiting the learning-based approach is The 
Continuator (Pachet, 2003). This system is ideated to provide realis-
tic interaction with human players. The algorithm exploits Mark-
ov models to react in real time to musical input, and can learn and 
generate music in any style. The strengths of this system are the po-
tential to simulate arbitrary musical styles, and the ability to pro-
duce a variety of outputs for a given input. Additionally, The Con-
tinuator makes it possible to share musical styles with other musi-
cians, thus opening new possibilities for music collaboration while 
making music.
While this approach reduces the human involvement in the 
algorithmic composition process, the quality of music is heavily 
dependent on the training set. Also, this approach is not suitable 
when, as in our case, there is a need to have direct control of indi-
vidual musical factors. 
2.4.3 Evolutionary Approach
Evolutionary (or genetic) algorithms are stochastic optimisation 
techniques loosely based upon the process of evolution by natural se-
lection proposed by Charles Darwin (1859). In the musical domain, 
evolutionary algorithms have been used to create original composi-
tions (Mitchell, 1996; Burraston & Edmonds, 2005; Gartland-Jones 
& Copley, 2006; Miranda & Al Biles, 2007). In most of the cases, evo-
lutionary compositions attempt to evolve music pieces in the style 
of a particular composer or genre (Miranda & Al Biles, 2007). In this 
approach, a population of short, monophonic motifs evolves during 
the composition. Some systems also evolve pitches and rhythms, 
either concurrently or separately. Others ignore rhythm, allow-
ing only pitch sequences to evolve, while in a few other cases only 
rhythm sequences evolve (Miranda & Al Biles, 2007).
In general, the evolutionary approach is particularly effective 
in producing unpredictable, and at times chaotic, outputs. How-
ever, the music might sound unnatural and structure-less if com-
pared with rule-based systems, which are generally superior by vir-
tue of the context-sensitive nature of tonal music (Nierhaus, 2009). 
7 
 Microsoft 
Corporation. 
Microsoft 
Research  
Songsmith, 
2009.
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The evolutionary approach lacks structure in its reasoning and can-
not simulate human composers’ ability to develop subtle solutions 
to solve compositional problems such as harmonisation (Wiggins, 
Papadopoulos, Phon-Amnuaisuk and Tuson, 1998). 
2.4.4 Algorithmic Affective Compositions
Recently, some studies have attempted to combine algorithmic ap-
proaches to composition with theory on music and emotion in or-
der to automatically compose affective music. These studies have 
experimented with both categorical and dimensional approaches, 
often exploiting a rule-based approach, as it allows deeper control 
of individual factors.
One of the most interesting examples of an algorithmic af-
fective composer is AMEE, a patented rule-based algorithm fo-
cused on generating soundtracks for video games (Hoeberechts & 
Shantz, 2009). The algorithm generates monophonic piano melo-
dies that can be influenced in real time by adjusting the values of 
ten emotions with a web applet (Figure 2.5). In similar manner, Le-
gaspi, Hashimoto, Moriyama, Kurihara and Numao (2007) adopt-
ed the categorical approach to automatically compose affective mu-
sic. Using a web-based tool, users are asked to rate a set of musical 
scores according to a list of emotional adjectives. These ratings then 
Figure 2.5  
A screenshot 
of AMEE. 
The interface 
allows users 
to adjust the 
emotional 
charac-
ter of the 
music using 
discrete 
categories  
of emotions.
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inform the generation of rules to identify musical structures that 
express various affective states. In this case, the system adopts an 
evolutionary approach to adaptive music composition. Despite pro-
posing interesting methods to algorithmic compositions, both sys-
tems operate using a categorical approach to emotion classification 
that, as discussed in Section 2.3.1, fails to address the complexity of 
the human emotional space. 
A dimensional approach to emotion classification was adopted in 
three algorithmic affective composers (Livingstone et al, 2010; Ol-
iveira & Cardoso, 2010; Wallis et al., 2011). Livingstone and col-
leagues (2010) followed a rule-based approach that manually collat-
ed a set of rules following related studies in music theory. The sys-
tem maps emotions, which are described along the dimensions of 
valence and arousal, to structural and performative features (refer 
to Section 2.3.1). A visual interface is then provided to allow users 
to select the desired values of valence and arousal for the purpose of 
producing matching music. Likewise, Wallis and colleagues (2011) 
adopted an adaptive music composition system that generates pi-
ano music. A number of musical factors (i.e. mode, tempo, articu-
lation, pitch register, sound level, voicing size, roughness, exten-
sion, and voice spacing and leading) are manipulated to match the 
intended emotion, which is communicated via a clickable interface 
that specifies the desired level of valence and arousal. Similarly, Ol-
iveira and Cardoso (2010) proposed a system for the automatic con-
trol of emotions in music in which users can interact with the com-
position, providing information about the desired levels of valence 
and arousal. This system is based on a complex architecture that ul-
timately manipulates pre-composed musical scores.  
These five systems have contributed to defining a novel re-
search topic concerning algorithmic composition, allowing users to 
alter the emotional configuration of the composition in real time. 
However, a number of significant limitations reduce the practical 
applicability of these systems:
1. By our estimation, the quality of the music generated by 
these systems seems to be acceptable only when this music is con-
sidered in the context of testing the possibilities of a computer to 
compose affective music, rather than being enjoyable by listeners 
on the basis of its own merits. A formal user study that can disprove 
this assertion is missing from all of the reviewed literature.
2. The actual capability of the algorithms to communicate 
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correct emotions in the listeners has not been tested. Again, any 
such evaluation is absent from all reviewed studies. 
3. In most of the cases, the actual interface consists of a sim-
ple applet with which users can select the intensity of discrete emo-
tions, or values of valence and arousal. This limited utilisation, 
combined with the low quality of these compositions, suggests 
that these systems are primarily intended as pioneering explora-
tions of a new research field, rather than serving as fully function-
al systems. To date, indeed, only Oliveira and Cardoso (2010) have 
attempted to apply their algorithm to a simple interactive installa-
tion, conducting only informal evaluations. Furthermore, this ap-
proach has the limitation of transforming pre-composed musical 
pieces rather than creating new music de novo.
2.4.5 Thesis Contribution
Robin was specifically developed to overcome the limitations docu-
mented in the previous section.
1. The main objective of Robin is to generate music of a high 
standard, in which the control of the composition is shared with 
the user. To this end, a rule-based approach is utilised, as it in-
creases the control on individual factors, to the detriment of com-
plex musical outcomes (Section 3.3).
2. The capability of Robin to communicate correct emotions in 
listeners is validated with an experimental study with 33 partici-
pants (Section 3.4).
3. The potential of Robin to be used in interactive installations 
is tested with the case studies of The Music Room and the Twitter-
Radio (Chapters 4, 5 and 6). For both installations, we also meas-
ured how much visitors liked the music, obtaining results up to 
standard.
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This chapter 
presents Robin, 
an algorithmic 
composer that 
generates in real 
time Western 
classical-like 
music with 
affective 
connotation. To 
generate affective 
compositions, 
Robin follows a 
series of rules 
concerning music 
and emotions that 
were partially 
identified in an 
experimental 
study that is 
also presented 
in this chapter. 
To conclude, the 
chapter presents 
a study aimed at 
validating the 
capability of Robin 
to communicate 
expected 
emotional 
outcomes in the 
listeners.
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3.1 Introduction
This chapter outlines the theoretical background and the implementation of Robin, the algorithmic composer that generates Western classical-like music. The objective of Robin is to allow users to interact in real time with a mu-sical composition by means of control strategies based on 
emotions. Robin takes as inputs emotional information described 
in terms of valence and arousal (Russell, 1980), which is in turn 
transformed into matching music. In order for this transformation 
to occur, changes in the perception of valence and arousal need to 
be associated with alterations to structural factors in music. As re-
viewed in Section 2.3.4, the psychology of music suggests that the 
most relevant structural factors for conveying emotions are tempo 
and mode. Tempo has a main effect on arousal, which is propor-
tional to tempo, and a secondary effect on valence: fast tempo tends 
to communicate positive emotions, while slow tempo tends to pro-
duce negative emotions. Mode has an influence on the perceived 
valence: major mode tends to communicate positive valence, while 
minor mode tends to be associated with negative valence. 
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An open question is whether and how this judgment varies with 
the listeners’ expertise (Section 2.3.6). This is an important ques-
tion for this thesis, given its target population of musically un-
trained participants, whose emotional responses to music might 
differ from those of an expert population. This question was test-
ed in an experimental study (N=40) that is reported in Section 3.2. 
The results of the experiment, combined with findings from related 
work, delineate how expertise influences the perception of valence 
and arousal to alterations of structural factors in music. This map-
ping was used to encode in Robin information describing the asso-
ciation between variations to musical factors and changes in partic-
ipants’ perceived emotions. Section 3.3 presents details of this as-
sociation and other characteristics of the algorithm. In particular, 
the operationalisation of a number of compositional rules of tonal 
music, and the stochastic processes that generate melody, harmo-
ny and rhythm, are detailed.
Finally, the validity of Robin is tested with an experiment that 
sought to determine whether the music generated by Robin com-
municated expected emotional responses in listeners (Section 3.4). 
A total of 33 participants were asked to rate the perceived valence 
and arousal of 20 musical snippets generated by Robin in the four 
conditions of 2 (positive vs. negative) valence conditions x 2 (high 
vs. low) arousal conditions. Results confirm that music generated 
by Robin adequately succeeds in communicating correct emotional 
responses in the listeners.
Figure 3.1. 
The per-
ception of 
valence is  
influenced 
by the 
combination 
of mode 
and tempo, 
while the 
perception 
of arousal 
depends on 
tempo only.
MODE TEMPO
valence arousal
59
3.2 Study I: The Effect of Expertise
As reviewed in Chapter 2, the psychology of music has investigated 
the influence of musical factors on emotion elicitation (Section 2.3). 
These musical factors belong to two different categories: structur-
al factors (e.g. tempo, mode, harmonic progression) and performa-
tive behaviours (e.g. dynamics, articulation, vibrato). The present 
study focuses on structural factors.
Most research credits to tempo and mode the highest relevance 
in terms of emotion elicitation (Gagnon & Perez 2003; Webster & 
Weir, 2005; Gabrielsson & Lindström, 2010). Tempo is responsible 
for the determining the arousal, and has a minor influence on va-
lence. Mode is only responsible for determining the valence (Fig-
ure 3.1). The emotional response does not seem to be influenced by 
the listener’s musical training (Robazza et al., 1994; Bigand et al., 
2005), despite findings of a recent study claiming that musicians 
better recognise the emotional character of compositions (Castro & 
Lima, 2014). 
A crucial issue, which was also acknowledged by (Gagnon & Perez 
2003; Webster & Weir, 2005), concerns the emotional perception 
when mode and tempo diverge (major slow and minor fast). As re-
viewed in Section 2.3.4, these two studies concluded contrasting re-
sults:
• Gagnon & Perez (2003) tested the emotional perception of mode and 
tempo with a population of non-musicians. Results suggested that, 
when judging the emotional valence in diverging conditions, par-
ticipants rely more on tempo than mode; thus, the minor fast con-
dition is perceived as more positive than the major slow condition. 
• Webster & Weir (2005) tested the emotional perception of mode, 
tempo and texture with a mixed population of musicians and 
non-musicians. Results suggested that musical pieces in diverging 
conditions have similar, neutral values.
We argue that the different results might be attributable to the 
different populations involved (non-musicians only vs. both lev-
els of expertise). Specifically, the participants of the former study 
might have attributed less importance to mode because non-mu-
sicians show poor discrimination between modes (Halpern, Mar-
tin, and Reed, 2008) Furthermore, both studies measured listeners’ 
perceptions simply by judging happy vs. sad conditions (Gagnon & 
Perez 2003; Webster & Weir, 2005).
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The present study proposes to further examine this issue, meas-
uring participants’ emotional responses in the two dimensions of 
valence and arousal. The author’s hypothesis is that the percep-
tion of mode and tempo might be influenced by listeners’ musical 
knowledge. Musicians, who clearly perceive the difference between 
modes, may use this information to a larger extent than non-musi-
cians to rate the emotional meaning of music. In order to test this 
hypothesis, an experiment was conducted with 40 participants 
equally distributed into two groups of musically trained and un-
trained participants.
3.2.1 Experimental Hypotheses
H1. Tempo is a musical property that is easily recognisable by 
all listeners, as opposed to differences of mode, which are better un-
derstood by trained listeners (Halpern et al., 2008). Consequently, 
we expect trained musicians to employ this knowledge to a greater 
extent when judging perceived valence, thus rating the valence of 
music in major mode with higher scores than that of music in mi-
nor mode, as opposed to musically untrained listeners, who are ex-
pected to differentiate between modes to a lesser extent.
H2. In the case of diverging conditions of mode and tempo (i.e. 
major-slow and minor-fast), given that mode and tempo operate in 
opposite directions, listeners might have conflicting feelings. Fol-
lowing H1, expertise may have an influence on this result. Musi-
cians are expected to be mainly influenced by mode; thus, they are 
expected to rate valence higher in major-slow than in minor-fast. 
By contrast, non-musicians, who are less familiar with mode, 
might mostly employ tempo information thus rating minor-fast as 
positive and major-slow as negative (Table 3.1).
Table 3.1 Hypothesised interaction between mode and tempo in the perception  
of valence.
Fast tempo Slow tempo
NON-MUSICIANS
Major mode + -
Minor mode + -
MUSICIANS
Major mode + +
Minor mode - --
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3.2.2 Design 
The hypothesis of this study was tested in a 2x2 within-subject ex-
periment. Mode was manipulated in major and minor conditions, 
and tempo was set to 80 BPM and 160 BPM. The dependent variables 
of the experiment were perceived valence and arousal.
3.2.3 Stimuli
A professional composer ad-hoc composed seven short musical ex-
cerpts. The emotional connotation of the music was kept as neu-
tral as possible following common compositional strategies, such 
as identical harmonic progression. The snippets consisted of an ac-
companiment and a solo line, each organised in four bars of pseu-
do-ecological music (i.e. each could not be considered a song by it-
self but could potentially be the first bars of a musical piece). To 
impart snippets with an ecological validity, the solo line was com-
posed to be meaningful. Each snippet was manipulated in a minor 
and major mode version. Snippets were also manipulated with re-
spect to tempo, generating two versions for each mode-manipulat-
ed snippet. This manipulation yielded 7 variations of 2 (mode: mi-
nor vs. major) × 2 (tempo: slow vs. fast) snippets for a total of 28 
snippets. 
The fast version played at 160 BPM with a high density of notes 
in the accompaniment, while the slow version played at 80 BPM 
with a low density of notes. Note density was also varied as previous 
studies suggested that music with a high density of notes is gener-
ally perceived as faster as compared with a piece having identical 
BPM but lower density of notes (Gabrielsson & Lindström, 2010). To 
operationalise this distinction, the difference between the two dif-
ferent tempo conditions was increased using eighth notes in the 
accompaniment in the 160 BPM pieces and quarter notes in the 80 
BPM pieces. For simplicity, from this point forward we will refer to 
tempo as comprising note density, as well. 
All of the snippets had the same harmonic progression (i.e. 
I - IV - V - I, one of the most common progressions in tonal music 
such as Baroque, classical, romantic and pop). The snippets were 
composed in different key signatures to increase the generalisabil-
ity of the stimuli. All of the melodies had the same pitch range, 
as relevant deviations in the range of the pitch might impart an 
emotional influence (Gabrielsson & Lindström, 2010). The intervals 
The scores of 
28 snippets can 
be found in the 
Appendix, while 
the mp3 files 
are available 
at http://bit.
ly/1EypafP
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that were used varied within an octave, as ranging over the octave 
may also impact the emotional reaction (Gabrielsson & Lindström, 
2010).
3.2.4 Procedure
Participants were recruited from students and staff of the Univer-
sity of Trento and the Conservatory of Trento. A total of 40 partici-
pants took part in the experiment. Twenty participants (10 F) were 
trained musicians with at least five years of music school (or com-
parable institutions); the remaining 20 (5 F) had no formal music 
education. The age of participants ranged from 19 to 42 years with 
an average age of 24.7 years. Most participants (N=30) were Italian, 
while the rest were originally from different European and Asian 
countries. Each experimental session ran in a silent room at the De-
partment of Information Engineering and Computer Science at the 
University of Trento, Italy. Participants sat in front of a laptop lis-
tening to the auditory stimuli through a pair of AKG K550 head-
phones (Figure 3.2). 
Figure 3.2. 
The exper-
imental 
setup. A par-
ticipant is 
asked to rate 
the perceived 
valence on a 
scale from 1 
(negative) to 
7 (positive). 
He commu-
nicated the 
intended 
value op-
erating on 
an external 
number pad 
keyboard.
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Figure 3.3. 
Timeline 
of the experi-
mental ses-
sion: 1) the 
participant 
first listens 
to a stimu-
lus; 2) she/he 
is prompted 
to rate the 
perceived 
valence and 
arousal of 
a piece; 3) 
a masking 
sound is 
played; 4) 
another 
stimulus is 
presented to 
the partici-
pants.
Before starting the experiment, each participant received detailed 
instructions by means of written notes (in English and Italian). Par-
ticipants were initially presented with four training excerpts in or-
der to become familiar with the interface and the task. The 28 snip-
pets were presented in a random order, which differed among par-
ticipants. While snippets were played, the display was complete-
ly white. At the end of each snippet, participants were prompted 
with a screen asking to report what emotion that particular music 
had communicated. In particular, they were asked to independent-
ly rate valence and arousal on bipolar scales from 1 (negative or relax-
ing) to 7 (positive or exciting). To assign the desired value of valence and 
arousal, they interacted with the system through a USB mini num-
ber pad keyboard. Between each listening, the computer played a 
sequence of random notes as the screen turned to black. These ran-
dom-note sequences have been previously validated for masking 
the effects of previously played music (Bharucha & Stoeckig, 1987). 
Figure 3.3 presents a timeline of the experimental session.
stimulus ratingvalence
rating
arousal
masking
sound stimulus
At the end of the experiment, in order to assess the homogeneity 
of the original snippets, participants were asked to indicate how 
much they like each of the seven original snippets from 1 to 7, with 
1 representing “not at all” and 7 “a lot”. The snippets, which were pre-
sented in major mode and at 120 BPM, were presented in random 
order by the computer. 
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3.2.5 Results
Data gathered from the question investigating the liking of the sev-
en original stimuli showed that all of participants reported similar 
scores. The average values for each snippet varied from 3.45 to 3.83, 
thus proving that participants did not have particular implicit pref-
erences for the adopted stimuli. Thus, valence and arousal ratings 
were computed by averaging scores to the seven stimuli.
Subsequently, a repeated measures ANOVA was performed on 
valence and arousal ratings separately. In both cases, mode (major 
and minor) and tempo (fast and slow) were the within-subject fac-
tors, and expertise (low and high) was the between-subject factor. 
A repeated measures ANOVA was also performed on the data de-
scribing the level of liking of the seven snippets (within-subjects) 
compared with the two categories of expertise (between-subjects). 
Here, we use a p level of .05 for all statistics, and we report all anal-
yses that achieve these levels of significance.
Valence. The analysis showed a significant main effect of mode 
[F(1,38) = 279, p<.001] and tempo [F(1,38) = 106.6, p<.001] on valence. 
Major mode was associated with high valence (mean 5.05, SD .78) 
Figure 3.4 
Average 
values and 
ST of valence 
divided 
by exper-
tise. The 
perceived 
valence var-
ies with dif-
ferent levels 
of expertise 
in case of 
diverging 
conditions 
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tempo.  
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Figure 3.5. 
Average 
values and 
ST of arousal 
divided 
by exper-
tise. The 
perceived 
arousal does 
not vary 
with differ-
ent levels of 
expertise.  
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and minor mode with low valence (mean 2.97, SD .87). In addition, 
fast tempo was associated with high valence (mean 4.65, SD 1.29) 
and slow tempo with low valence (mean 3.37, SD 1.27). Figure 3.4 
illustrates these results. The interactions between mode and exper-
tise (F(1,38)=27.6,  p<.001) and tempo and expertise (F(1,38)=10.9, p<.001) 
were also significant. Trained listeners assigned higher scores to 
major-mode snippets than to minor-mode snippets, regardless 
of whether they were convergent or divergent. The emotional re-
sponse of non-musicians was less sophisticated. Snippets in di-
vergent conditions were both perceived as having neutral valence. 
The major-fast condition was rated with high scores while the mi-
nor-slow condition received low scores.
Arousal. No significant difference between major and minor mode, 
nor any impact of expertise emerged. The analysis of arousal 
showed a significant main effect for mean scores of tempo (F(1,38)= 
311.3, p<.001). Fast tempo was associated with high arousal (5.02, 
.80) and slow tempo with low arousal (2.50, .83). Figure 3.5 pre-
sents the arousal for the four conditions according to expertise. No 
significant interactions were found.
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Figure 3.6. 
The effect 
of exper-
tise in the 
evaluation 
of valence 
in divergent 
conditions. 
Trained 
musicians 
employed 
mode more 
than tempo 
to evaluate 
the valence, 
while 
non-musi-
cians rated 
the two con-
ditions with 
similar, neu-
tral values.
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3.2.6 Discussion
The results of this experiment suggest that expertise has an impact 
on listeners’ emotional response to music. In particular, expertise 
mediates the impact of mode on ratings of valence, but not that of 
arousal. Non-musicians appeared to have been influenced by the 
combined impact of mode and tempo. When the information was 
divergent, they rated valence halfway between the two convergent 
extremes, thus confirming the findings from Webster and Weir 
(2005) and contrasting the findings of Gagnon and Perez (2003). 
On the other hand, in these conditions, musicians relied on mode 
above tempo when judging a piece of music on its valence, disput-
ing results from Webster and Weir (2005), who indicated that ex-
pertise does not have a significant effect on valence perception. Fig-
ure 3.6 illustrates that in divergent conditions, musicians assigned 
more importance to mode, while non-musicians did not take a clear 
position. The results of listeners’ perceptions of valence are shown 
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in Table 3.2. Arousal, by contrast, seemed to be related only to tem-
po, disregarding mode and expertise. This result confirms past find-
ings from (Gomez & Danuser, 2007; Juslin, 1997).
Table 3.2 Tested interaction between mode and tempo in the perception of valence.
Fast tempo Slow tempo
NON-MUSICIANS
Major mode + ~
Minor mode ~ -
MUSICIANS
Major mode ++ +
Minor mode - --
In summary, the acquisition of musical expertise appeared to have 
an influence on the emotional experience of people listening to mu-
sic. As people participate in formal musical training, they become 
particularly sensitive to mode when evaluating the emotional char-
acter of music. In particular, in the case of divergent conditions of 
mode and tempo, trained musicians attributed mode a higher rele-
vance when evaluating the valence of a musical piece. By contrast, 
non-musicians seemed to be unable to identify a clear emotional 
character in this condition. 
This result is particularly important for the research objective 
of this thesis, as it clarifies the emotional response of non-musi-
cians to changes of mode and tempo, the structural factors most 
significantly responsible for communicating emotions. This find-
ing, combined with the results of related works, offers a solid bases 
upon which to build an algorithmic affective composer.
3.3 Development
This section introduces Robin, an affective-based algorithmic com-
poser designed to make the experience of musical creativity acces-
sible to all users. Rather than providing information in a musical 
language, users interact with the composition by means of control 
strategies based on emotions. Specifically, they communicate the 
intended values of valence and arousal. To ensure consistency with 
user interaction, the system continuously monitors input changes, 
adapting the music accordingly via the manipulation of seven mu-
sical factors (Section 2.3.5).
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Robin is specifically designed to be used in interactive installations 
targeting a general population. To this end, two requirements must 
be met: i) the composition has to adapt in real time to user input; ii) 
the generated music must be understandable even by an untrained 
audience. The first requirement led to the adoption of a rule-based 
approach to algorithmic composition. This approach is particular-
ly suitable for this study, as it guarantees accurate control of the 
compositional process given that rules are manually coded. As ex-
plained in Section 2.4.1, this approach has the drawback of requir-
ing human intervention; thus, the outcome depends on the quality 
of the taught rules. To this end, a professional composer was con-
tinuously involved during the design and testing of the algorithm 
to guarantee high standards of the compositions. The second re-
quirement led to the adoption of tonal music, given its potential to 
reach a wider audience. Tonal compositions are indeed ubiquitous-
ly present in Western culture, so that even those who lack musical 
training internalise the grammar of tonality as a result of being ex-
posed to it (Winner, 1982).
3.3.1 System Architecture
Figure 3.7. 
The archi-
tecture of 
Robin, the 
algorithmic 
affective 
composer.
HARMONY RHYTHM
pitch
selector
clichè
selector
ME
LO
DY
accompaniment solo line
rhythmic pattern selection
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Robin generates scores composed of a solo and an accompaniment 
line. The process of score generation is grounded upon a number 
of compositional rules of tonal music driving stochastic process-
es, which in turn generate harmony, rhythm and melody (Figure 3.7). 
The Harmony module determines the chord progression by following 
a probabilistic approach. The selected chords are then fed into the 
Melody module. Here, it combines with (i) a rhythmic pattern that is 
completed with pitches from the scale and outputs the solo line; (ii) 
a cliché selector that outputs the accompaniment line.
3.3.2 Harmony
Traditionally, harmony is examined on the basis of chord progres-
sions and cadences. Following previous works (Steedman, 1984; 
Nierhaus, 2009), the transition probabilities between successive 
chords are defined as Markov processes. Chord transition data can 
be collected by analysing existing music, surveying music theory, 
or following personal aesthetic tastes and experiences (Chai & Ver-
coe, 2001).
In Robin, correlation of chords does not depend on previous 
states of the system. A first-order Markov process determines the 
harmonic progression as a continuous stream of chords. The algo-
rithm starts from a random key and then iteratively processes a 
Markov matrix to compute the successive chords (Table 3.3). The 10 
x 10 matrix contains the transition probabilities among the degrees 
of the scale. The entries are the seven degrees of the scale as triads 
in root position, and three degrees (II, IV, V) set in the VII chord. The 
transition probabilities are based on Piston’s (1941) study of harmo-
ny. At each new bar the system analyses the transition matrix and 
selects the degree of the successive bar: the higher the transition 
value, the higher the probability to be selected. For instance, be-
ing  VII the current degree of the scale, the I degree will be selected 
as successive chord in the 80% of the cases, on average, whereas the 
II7 will be selected in the 20% of the cases.
In addition, in order to divide the composition into phrases, 
the system forces the harmonic progression to a cadence (a conclu-
sion of a phrase or a period) every eight bars. Finally, as to gener-
ate compositions with more variability, Robin can switch between 
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different keys and perform V and IV modulations.
Table 3.3. Transition probability matrix among the degrees of the scale.
I II III IV V VI VII IV7 V7 II7
I 0 0.05 0.05 0.30 0.20 0.05 0.1 0.05 0.15 0.05
II 0.04 0 0.04 0.04 0.45 0.08 0 0 0.35 0
III 0 0.07 0 0.21 0.07 0.65 0 0 0 0
IV 0.15 0.10 0.05 0 0.35 0.05 0 0 0.30 0
V 0.64 0.05 0.05 0.13 0 0.13 0 0 0 0
VI 0 0.40 0.10 0.10 0 0 0 0 0 0.40
VII 0.8 0 0 0 0 0 0 0 0 0.2
IV7 0 0.30 0 0 0.30 0.30 0 0 0.10 0
V7 0.9 0 0 0.05 0 0.05 0 0 0 0
II7 0 0 0 0 0.5 0 0 0 0.5 0
3.3.3 Rhythm
At each new bar, the Rhythm module randomly selects a new rhyth-
mic pattern from a set of several dozen of patterns. All possible com-
binations of rhythms composed of whole, half, quarter, eight and sixteen 
notes are available. In addition, the same combinations of notes in 
triplets are available. The harmonic rhythm is one bar long, and each 
bar has a time signature of 4/4.
3.3.4 Melody
Once selected, the rhythmic pattern is filled with suitable pitches 
in the Melody module. This process is performed in three steps:
1. The pitch selector receives the rhythmic pattern and the cur-
rent chord (Figure 3.8.a).
2. All of the significant notes in the bar are filled with notes 
of the chord. The notes regarded as significant are those whose 
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Figure 3.8. 
Melody notes 
selection. 
a) The pitch 
selector 
receives the 
rhythmic 
pattern and 
the chord. b) 
The relevant 
notes of the 
melody are 
filled with 
notes of the 
chord. c) The 
remaining 
spaces are 
filled with 
notes of the 
scale to form 
a descending 
or ascending 
melody.
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duration is an eighth note or longer or that are at the first or the last 
place (Figure 3.8.b).
3. The remaining spaces are filled with notes of the scale. 
Starting from the leftmost note, when the algorithm encounters 
an empty space, it checks the note on the left and it steps one pitch 
up or one pitch down, depending on the value of the melody direc-
tion (Figure 3.8.c). The accompaniment line is selected at each new 
bar. A number of clichés (accompaniment typologies) are available. 
The clichés essentially differ in the density of the notes in the arpeg-
gio. Each cliché defines the rhythm of the accompaniment, and the 
notes of the accompaniment are degrees of the chord.
3.3.5 Definition of High-Level Musical Structures
As opposed to similar affective composers such as AMEE (Hoe-
berechts & Shantz, 2009), Robin does not allow the definition of 
high-level musical structures like verses and sections. Human com-
posers often make wide use of high-level structures to create emo-
tional peaks, or to develop changes in the character of the compo-
sition. Therefore, including such structures in a real-time algorith-
mic composer is not a viable solution, as user interaction with the 
system cannot be predicted in advance.
AMEE deals with high level musical structures by introducing 
forced abortion in the process of music generation (Hoeberechts & 
Shantz, 2009). However, this design solution causes dramatic in-
terruptions, thus reducing both musical coherence and a natural 
evolution of the composition itself. To this end, the only high-lev-
el structural elements composed by Robin are short theme repeti-
tions, which partially simulate choruses and verses, and cadences, 
which define phrases. 
3.3.6 Operational Definition of Emotion in Music
The structural factors manipulated by Robin to infer changes in the 
communicated emotions, defined in terms of valence and arousal, 
are: tempo, mode, sound level, pitch contour, interval stability, pitch register 
and expectations (refer to Section 2.3.5). This section discusses how 
the alteration of the emotional response of the seven musical pa-
rameters is operationalized in Robin.
Tempo. Robin treats tempo as a continuous variable measured 
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in BPM. Besides BPM, Robin manipulates note density by selecting 
rhythmic patterns and accompaniment clichés with appropriate 
note density.
Mode. Robin supports the change between modes in the Harmo-
ny module, where the chords transition probability matrix is popu-
lated with notes based on the selected mode.
Sound level. Sound level changes by manipulating the velocity of 
the MIDI.
Pitch Contour (Melody Direction). Robin determines the direction of 
the melody using the method described in Section 3.3.4.
Interval stability. Dissonance is achieved by inserting a number of 
out-of-scale notes in both melody and harmony. For the current im-
plementation of Robin, the distance between the out-of-scale notes 
and the scale is not considered. 
Pitch Register. The pitch register centre of the compositions gen-
erated by Robin ranges from C2 (lowest valence) to C5 (highest va-
lence).
Expectations. Robin operationalises expectations repeating 
themes and recurring patterns that the listener quickly comes to 
recognise as familiar. Table 3.2 schematises how the combination 
of these elements determines the desired emotional expression in 
terms of valence and arousal.
3.3.7 Discussion
The development of Robin required almost two years of continuous 
iteration with a composer who was involved in the design of the al-
gorithm since its early stages. A number of professional musicians 
were also involved in several focus groups aiming to evaluate the 
quality of the music and to suggest possible improvements. In gen-
eral, Robin was met with enthusiasm by the musicians. The possi-
bility of influencing the composition in real time by communicat-
ing the intended emotions was particularly appreciated.
The final version of the algorithm received an even stronger 
interest. Every musician agreed that the quality of the music was 
satisfying as the generated product of an algorithmic composer. 
A common feedback suggestion from several musicians was to in-
clude expressive performance behaviour to improve the humanness 
of the music. This is certain to be one of the future works addressed 
for Robin, whose real-time affective score generation capability 
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should be easily combined with existing systems for the automat-
ic modeling of expressive contents (Canazza, De Poli, Rodà, 2014).
Despite the visible success of Robin, a more formal evaluation 
was required to test the quality of the algorithm. Specifically, giv-
en the role of Robin relative to the large perspective of this thesis, 
its effective capability of communicating expected emotions in hu-
mans is of fundamental importance.
3.4 Study II: Validation
In order to test the capability of Robin to communicate specif-
ic emotions in the listeners, an experimental study was conduct-
ed. The objective of the study was to investigate whether Robin was 
able to communicate a predictable amount of valence and arous-
al in the participants. Participants were asked to listen to a num-
ber of pieces generated by Robin in different emotional conditions, 
and to self-report the perceived level of valence and arousal. The ex-
periment could be declared successful if the intended levels of va-
lence and arousal were correctly identified by participants. In oth-
er words, Robin was confirmed to communicate correct emotions 
in the listeners if:
1. Listeners perceived positive (negative) valence when Robin 
was configured to generate music with positive (negative) valence;
2. Listeners perceived high (low) arousal when Robin was con-
figured to generate music with high (low) arousal.
3.4.1 Design 
Robin’s capability to communicate specific emotions was tested 
with four combinations of valence (positive vs. negative) and arous-
al (high vs. low) in a 2*2 within-subjects design. For each condition, 
Robin generated five different piano snippets (30 seconds long), for 
a total of 20 snippets. The snippets consisted of an accompaniment 
and a solo line. Once generated, a 3-second fade-out effect was add-
ed at the end of each snippet1.
3.4.2 Stimuli
In order to generate music with affective flavours in the four condi-
tions, Robin manipulated mode, tempo, sound level, pitch contour, 
1
Can be found at 
http://bit.ly/ 
1HSKjOl
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pitch register and expectations. All of these factors, excepting tem-
po, influence either valence or arousal. Tempo, on the other hand, 
has a major effect on arousal, but it also influences valence (Section 
2.3.4). This secondary effect is particularly evident for untrained 
musicians, as revealed in the study described in Section 3.1. The 
double influence of tempo was operationalised as follows:
1. Snippets with high arousal were twice as fast as than snip-
pets with low arousal;
2. Snippets with high valence were slightly faster (8/7 times) 
than the snippets with low valence.
Table 3.4 shows the mapping between the six factors and 
the four conditions of valence/arousal (+- = positive valence / high 
arousal, +- = positive valence / low arousal, -+ = negative valence / 
high arousal, -- = negative valence / low arousal).
Table 3.4. The value of the six factors in the four different conditions of valence and 
arousal.
++ +- -+ --
Mode Major Major Minor Minor
Tempo 
(BPM) 160 80 140 70
Sound level High Low High Low
Contour Ascending Ascending Descending Descending
Octave High High Low Low
Repetitions Yes Yes No No
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The double action of tempo on both dimensions might have side ef-
fects in this experimental design. Specifically, low tempo might 
reduce the perceived valence of the +- condition, and high tempo 
might increase the perceived valence of the -+ condition. The hy-
potheses of the study are listed in Table 3.5.
Table 3.5. The expected values of valence and arousal. In the valence graph, the side 
effect of tempo in the two diverging conditions might cause lessened responses.
High arousal Low arousal
PERCEIVED  
VALENCE
Positive valence + +
Negative valence - -
PERCEIVED 
AROUSAL
Positive valence + -
Negative valence + -
3.4.3 Procedure
Participants were recruited from students and staff of the Univer-
sity of Trento, Italy. A total of 33 participants took part in the ex-
periment. Similarly to the previous experiment reported in Section 
3.2, sessions ran in a silent room at the Department of Informa-
tion Engineering and Computer Science at the University of Tren-
to, Italy. Participants sat in front of a monitor wearing AKG K550 
headphones. Before starting the experiment, participants were in-
formed about the task they had to complete by means of written 
notes (in English and Italian). They were initially presented with 
four training excerpts in order to become familiar with the inter-
face and the task. Then, the 20 snippets were presented in a ran-
dom order. 
In order to measure valence and arousal separately, partic-
ipants were asked to rate them on two semantic differential sev-
en-point scales, from 1 (negative or relaxing) to 7 (positive or ex-
citing). In addition, they were asked to indicate, from 1 to 7, how 
much the liked each snippet (liking). To assign the desired value of 
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valence, arousal and likeness they typed the numbers 1-7 on a key-
board. Between each listening, the computer played a sequence of 
random notes; each of the random snippets was randomly selected 
from a set of five pre-recorded 15-seconds snippets composed of ran-
dom notes.
3.4.4 Results
A two-way within-subjects ANOVA analysis was performed on va-
lence, arousal and liking ratings separately. In both cases, valence 
(high and low) and arousal (high and low) were the within-subject 
factors. To disambiguate between the intended valence and arous-
al (independent variables) and the tested valence and arousal (de-
pendant variables), we will refer to the first couple as intended and 
the second couple as perceived. 
Here, we use a p level of .05 for all statistics, and we report all 
analyses that reach these levels. The average values and SD of per-
ceived valence and arousal are illustrated in Table 3.6.
Table 3.6. Means and standard deviations for the three tested factors, in the four 
emotional conditions.
Intended 
combination
Perceived valence Perceived arousal Likeness
Mean SD Mean SD Mean SD
++ 5.206 .5711 5.315 .7072 4.800 .8874
+- 4.261 .6528 3.527 .8409 4.182 .8809
-+ 3.915 .8646 4.952 .6226 4.339 .9320
-- 3.224 1.263 2.521 1.166 4.182 1.211
Perceived Valence. The analysis of the means revealed that ++ scored 
the highest value of valence (5.21), and -- mean scored the lowest 
value of perceived valence (3.22). The expected side effect of tempo 
was observed: +- and -+ resulted in similar neutral scores (4.26 and 
3.91, respectively). The analysis of the perceived valence showed a 
significant main effect both for intended valence [F(1,32) = 32.90, 
p<.001] and for intended arousal [F(1,32) = 36.8, p<.001]. The in-
teraction between the two factors was not significant. This result 
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indicates that the manipulation of intended valence and intended 
arousal contributes to defining the perception of valence, but that 
the two factors do not intersect. Specifically, in the same intended 
arousal conditions, the positive intended valence snippets reported 
more positive values, and in the same intended valence conditions, 
the high intended arousal snippets reported higher values. 
Perceived Arousal. The means of the four conditions matched our ex-
pectations: the two high intended arousal conditions scored high 
values of perceived arousal (5.31 and 4.95 for positive valence and 
negative valence conditions, respectively), and the two low intend-
ed arousal conditions scored low values (3.52 and 2.52 for positive 
valence and negative valence conditions respectively). The analysis 
of the perceived arousal showed a significant main effect for both 
intended valence [F(1,32) = 29.4, p<.001] and for intended arous-
al [F(1,32) = 147.9, p<.001]. The interaction between the two factors 
was also significant [F(1,32) = 12.6, p<.005]. These data suggest that 
the manipulation of both intended valence and intended arousal 
contribute to defining the perception of arousal, and that their in-
tersection also had a consequence. The effect of the interaction be-
tween the two factors is evident in the difference between the +- 
and -- conditions: in the case of low intended arousal, the perceived 
arousal was significantly higher when combined with positive in-
tended valence.
Liking. The means of participants’ ratings for each snippet var-
ied between 3.72 and 5.15 with an average of 4.38. The ANOVA anal-
ysis revealed that intended arousal was the most significant factor 
with respect to liking [F(1,32) = 8.978, p<.01]. The interaction effect 
of arousal and valence was also significant [F(1,32) = 4.735 p<.05]. 
The favourite condition was high valence combined with high 
arousal (mean 4.80, SD .88), while valence had no implication on 
low arousal conditions, which reported identical values (4.18, 1.21). 
3.4.5 Discussion
The experiment showed that listeners’ emotional responses to the 
music composed by Robin met our expectations to a significant ex-
tent. The perceived arousal perfectly matched the intended arous-
al. The perception of valence, however, matched the intended va-
lence only when the conditions converged. In the case of diverging 
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conditions the perceived valences of -+ and +- reported similar, neu-
tral averages (Table 3.7). 
Table 3.7. Measured levels of perceived valence and arousal.
High arousal Low arousal
PERCEIVED 
VALENCE
Positive valence + ~
Negative valence ~ -
PERCEIVED 
AROUSAL
Positive valence + -
Negative valence + -
This finding can be explained with reference to the difficulty of 
non-musicians to distinguish divergent emotional stimulation 
(Section 3.2.4). A possible solution would be to decrease tempo in 
the –+ condition or to increase it in the +- condition to increase the 
difference of perceived valence between the two conditions. Rebal-
ancing tempo values would have indeed produced stronger resuts. 
For instance, a related study from Bresin and Frieberg (2011) sug-
gested that that happy performances are usually played almost 4 
times faster than sad performances. 
To summarise, the result of the experiment suggests that the 
current implementation of Robin correctly communicate arousal 
level in the listeners but it fails to communicate (i) very positive va-
lence when combined with low arousal and, (ii) very negative va-
lence when combined with high arousal. To address this issue for 
future implementations of the system, besides adjusting tempo 
level, we will consider including a number of performative behav-
iours that could influence the perceived emotions. Related research 
on this topic proved particularly effective for communicating ex-
pected emotional response in the listeners (Juslin & Sloboda, 2010).
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3.5 Conclusion
As I started working on this Ph.D. project, affective-based algorith-
mic composers had only been developed since very recently (Legaspi 
et al., 2007; Hoeberechts & Shantz, 2009; Livingstone et al., 2010; 
Wallis et al., 2011). Initially, I considered integrating one of these 
systems into the framework presented in this thesis. This would 
have allowed me to focus my work on the interaction design aspect 
only. However, I soon realised that the quality of the music gener-
ated with those systems was inadequate. Furthermore, the tunes 
that these systems generated did not match my personal aesthet-
ic. This is an important issue that would require being taken in-
to much deeper consideration when discussing the research taking 
place where art and science overlap. In fact, in addition to pure sci-
entific methodologies and techniques, aesthetics and tastes play a 
crucial role in the evaluation of such a system, which can poten-
tially be flawless from a methodological and mathematical point of 
view, but still incapable of satisfying the aesthetics of the listeners.
Following this line of thought, personal aesthetics were also 
considered when integrating Robin in The Music Room and in the 
TwitterRadio, which will be fully discussed in the successive chap-
ters. For these interactive installations in fact, besides the struc-
tural factors discussed in this chapter, different instrumentations 
were mapped to different affective states by taking into account 
personal taste and intuition. In these installations, when very pos-
itive valence situations occur, violins performing in staccato articu-
lation double the solo line. By contrast, in the case of very negative 
valence, either trilling violins or low and deep horns are triggered. 
This choice, which was grounded both on personal tastes as well 
as on related work findings (Juslin & Sloboda, 2010; Eerola, Friberg 
and Bresin, 2013), was particularly appreciated by the audience of 
the installations.
Another interesting aspect emerged from the studies present-
ed in this chapter. Robin revealed its potential of being employed as 
a composer of snippets in experimental studies testing the percep-
tion of structural factors. This statement finds confirmation from 
the results of the study presented in Section 3.4. Not only did Rob-
in prove to be successful in generating music with precise emotion-
al connotations, but also the average listener’s enjoyment of the 
snippets even exceeded that generated by a human composer, in 
the first study. 
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4.1 Introduction
The first interface to Robin in the context of interactive in-stallation was The Music Room. In this installation, the suitability of emotions as mediators of music complexity, and of movements as actualizations of this mediation is tested. Replacing musical notations with emotions in the 
process of music making results in a number of critical implications 
in the design process.
1. In order to be communicated to the system, emotions need 
to be encoded into specific media. One suitable medium through 
which emotions can be conveyed is bodily movement, as it is naturally 
associated to music and emotions across different cultures (Sievers, 
Polansky, Casey and Wheatley, 2013). 
2. The involvement of the player changes: the traditional par-
adigm based on a note-to-note control is replaced by control strate-
gies based on the emotion the player intends to convey. This change 
has a major impact on the experience of the player, which should 
be borne in mind when designing such interfaces.
3. An algorithmic composer needs to be developed that sys-
tematically converts user input described in emotional language 
into compositional rules, which are in turn used to direct the com-
position. This issue was usefully described by Jacob (1996) when de-
scribing the issue of designing computational systems aiming at 
reproducing human ability to make music: “In short, creativity 
comes in two flavors: genius and hard work. While the former may 
produce more “inspired” music, we do not fully understand it and 
therefore have a slim chance of reproducing it. The latter resembles 
an iterative algorithm that attempts to achieve some optimal func-
tion of merit, and is therefore more easily realizable as a computer 
program.”
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In The Music Room, an interactive installation in which where vis-
itors can direct the emotional character of music by means of their 
movements. The installation was intended to be experienced by dy-
ads of visitors interacting with each other by moving throughout a 
room. The interaction paradigm is that of intimacy: the more prox-
imal the visitors are, the more positive the music. The intensity 
of the composition is also left to visitors’ control: the faster they 
move, the louder and faster the music. An abstract of the function-
ality of The Music Room follows:
A couple of visitors enters the room and music 
starts playing. Once in the room, they can direct the 
emotional aspect of the music by interacting with 
each other while moving throughout the space. 
Their relative distance and average speed determine 
the emotional character of the music generated. 
Specifically, their relative distance influences the 
pleasantness of music (valence) and their average 
speed its intensity (arousal). The music sounds positive 
and romantic when they stand close; it gradually 
becomes sadder as they move apart; and it sounds 
totally unpleasant when they are on the opposite sides 
of the room. The intensity of the music is high when 
they move fast, running or dancing; it calms down 
as they move slower; and it almost pauses when they 
freeze. 
This idea evolved through two years of research through de-
sign, a practice intended to exploit design to produce knowledge 
(Fallman, 2003; Zimmermann et al., 2007). This design strategy fit 
particularly well the objectives of this thesis, which aimed at explor-
ing new solutions of music making via design. The two years of pro-
ject development involved a conceptual design stage (i.e. transform-
ing requirements into a conceptual model: Sharp, Rogers and Preece, 
2007), which emerged through the application of the PACT framework 
(Benyon, Turner and Turner, 2005), This framework helps designers 
to investigate the design process by means of a user-centred tech-
nique based on Peoples, Activities, Contexts and Technologies. Peoples de-
fines the target audience that actively or passively engages with the 
interface. The target audience of this work was already identified: 
85
dyads of visitors who are not necessarily trained in music. The oth-
er three entities of the PACT framework are discussed later in the 
chapter. In particular:
1. Section 4.2 discusses the Activities, the main purpose of the 
system, i.e. the interaction scenarios as envisioned by the designer.
2. Section 4.3 elaborates the Technologies, i.e. the actual imple-
mentation of the hardware and software components necessary to 
execute the installation.
3. Section 4.4 probes into the Contexts of the installation, the 
environmental elements of the system.
4.2 Activities
During the conceptual design phase, three basic scenarios were en-
visaged, dancing, composing and acting. The scenarios were enriched 
with graphics and storyboards (Figure 4.1) and used as design 
probes in a workshop involving 12 user experience researchers. The 
participants of the workshop supported the conceptual idea of The 
Music Room. Also, a number of interesting considerations emerged 
during the workshop. In particular, participants were keen to dis-
cuss the possible behaviours of the people in the room – whether 
they would be more interested in creating music or enjoying the in-
timacy with the partner or a friend. Next, we report the three sce-
narios as elaborated following the workshop.
Figure 4.1. 
Sketched 
scenari-
os of The 
Music Room 
presented at 
the design 
workshop.  
In the left 
panel the 
dyads are 
dancing 
closer  
slowly.  
In the right 
panel they 
are run-
ning at a 
distance.
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4.2.1 Dancing Scenario
Andrea and Adriano are visiting an art museum. Attracted by the 
music and by the posters advertising The Music Room, they decide 
to try it. As they enter the room, they start moving rhythmically 
to the music. Initially, they freely dance in the room individual-
ly. Then, they decide to test the system by trying different combi-
nations of distance and speed while keeping engaged with danc-
ing. Once they realise that they can indeed successfully influence 
the emotionality and the intensity of the music, they move close 
together, performing some ballet dancing while generating a ro-
mantic classical music. Then, they gradually increase the speed of 
their movements to eventually dance frantically, far from each oth-
er, while generating some experimental jazzy music. 
4.2.2 Composing scenario
A couple of non-musicians, Aliaksei and Silvia, read an online post 
promoting an installation that opens a new possibility of compos-
ing music by means of movements in a room. Without hesitation, 
they decide to give it a try. Once in the room, they enjoy trying all 
possible combinations of distance and speed to produce changes 
in the music. Once acquainted with the functionality of the sys-
tem, they focus on creating music with specific emotional charac-
ter. They particularly enjoy the serene melody that seems to recur 
when they stand close, so they purposely stay in contact to gener-
ate this tune.
4.2.3 Acting Scenario
Once instructed on the functionalities of the system, Maria and Ze-
no, a dyad of fervent theatre actors, realised that they can act out 
a drama while creating a soundtrack at the same time. After some 
consultation, they decide to perform a specific storyline: a tragic 
event with a happy ending. Once in the room, they initially spend 
some time exploring the interaction dimensions to ensure that the 
system correctly responds to their movements. Then, they start per-
forming. Initially, they stand far from each other; then they even-
tually move to the opposite corners of the room. While maintain-
ing the highest possible distance from each other, they alternate 
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running with walking slowly. This variability results in an alter-
nation between angry and sad music. After this tense and tragic 
stage, Maria gradually approaches Zeno. As she does so, the mu-
sic assumes an increasingly cheerful character, and they eventual-
ly spend some minutes holding each other closely while a romantic 
musical composition plays. 
4.3 Technology
The Music Room is composed of two main technological blocks: a 
tracking system and Robin, the algorithmic composer. The process 
of generating music from user movements involves three steps (Fig-
ure 4.2):
1. A video analysis tool detects the moving objects captured by 
a camera installed in the room in order to extract proxemic cues from 
the participants’ behaviour.
2. These values are communicated to Robin that, in turn, 
transform the proxemic information into the emotional cues of va-
lence and arousal.
3. Valence and arousal are transformed into combinations of 
musical factors, which determine the change produced in the gener-
ated music.
Figure 4.2. 
The architec-
ture of The 
Music Room. 
On the left, 
the position 
and speed of 
the dyad is 
tracked with 
a camera 
that sends 
this infor-
mation to 
Robin. Here, 
the proxemic 
information 
is interpret-
ed in com-
binations of 
valence and 
arousal that 
provoke a 
number of 
changes in 
the musical 
factors. 
proxemic
information
valence
arousal
musical
factors
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4.3.1 Visual Tracking System
To make the installation more user-friendly and to minimise its in-
trusive qualities, the movements of the dyad are tracked with com-
puter vision techniques rather than wearable sensors. Specifical-
ly, computer vision research was applied to interpret proxemic cues 
(KaewTraKulPong & Bowden, 2002; Rota, Conci and Sebe, 2012). 
Proxemics is the study of space in interpersonal interactions (Hall, 
1973). It reflects the distance at which people are comfortable when 
talking to each other in a specific setting, thus providing impor-
tant cues to infer the nature of social interactions and to under-
stand such interactions. Different distances indeed mirror differ-
ent kinds of relationships.
The motion of the participants was recorded through a down-
wards-looking bird’s-eye-view video camera installed on the ceiling 
of the room. This configuration of the camera allowed the minimi-
sation of the risk of occlusions, which is intrinsic to any motion 
tracking application, thus limiting the occurrences of false and 
missed detections. The detection of the moving subjects was imple-
mented by applying a standard background subtraction algorithm 
(KaewTraKulPong & Bowden, 2001). The obtained foreground in-
formation was then processed by the CamShift tracking algorithm 
(Bradski, 1998). The choice of CamShift was primarily influenced by 
the necessity of keeping up with real-time constraints by reducing 
computational burden.
The position of the participants returned by the tracking algo-
rithm was progressively updated over time, and the extracted prox-
emic cues were supplied to the system, for the purpose of provid-
ing information about the level of intimacy between them, which 
would in turn inform the music. Figure 4.3 displays a view of the 
room as seen by the camera. Two different instances of the inter-
action are shown on the left, while the output of the detection and 
the tracking module are portrayed on the right. In particular, the 
algorithm’s capability of successfully managing partial occlusions, 
occurring when the two subjects approach, can be observed in Fig-
ure 4.3.d.
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Figure 4.3. 
Two views of 
The Music 
Room as re-
corded from 
the camera 
mounted in 
the ceiling. 
On the right, 
the visual 
output of 
the motion 
tracking 
algorithm. 
The algo-
rithm cor-
rectly detects 
the position 
of the two 
visitors even 
when their 
bodies par-
tially overall 
(c-d).
4.3.2 Robin
Distance and speed are used by dyads to communicate the emo-
tions they intend to communicate. Low distance is mapped with 
positive emotions and high distance with negative emotions; high 
speed with intense emotion and low speed with mild emotions. 
By matching the values of speed and distance to emotion, Robin 
adapts the musical flow in real time.
As previously discussed in Section 3.3, the emotional character 
of the music is continuously adjusted in real time, modifying seven 
musical factors: mode, tempo, pitch contour, pitch register, theme 
recurrence, sound level, and consonance. In addition, for the pur-
pose of increasing the aesthetics of the composed music, different 
musical instruments were associated with different emotional con-
ditions:
The piano is constantly present in all conditions;
A violin harmonises the piano voice when dyads are particular-
ly close;
A trombone harmonises the piano voice when dyads are on the 
opposite sides of the room.
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Figure 4.4. 
Mapping 
between mu-
sical factors 
and proxemic 
elements.
ROMANTIC - SERENE
Major mode
High tempo
High octave
Low sound level
Ascending melody
Theme recurrence
Piano and violin
HAPPY - JOYFUL
Major mode
High tempo
High octave
High sound level
Ascnending melody
Theme recurrence
Piano and violin
BORING
Minor mode
Mid octave
Mid tempo
Low sound level
Descending
melody
Piano only
FRIGHTENING
Minor mode
Mid tempo
Low octave
High sound level
Descending melody
Piano and trombone
SAD
Minor mode
Very low tempo
Low octave
Low sound level
Descending melody
Piano and trombone
proximitysp
ee
d
FRUSTRATING
Dissonance
Low tempo
Low octave
Mid sound level
Chaotic melody
Piano and trombone
Figure 4.4 schematises how these parameters combine to commu-
nicate different emotions according to the two proxemic cues ma-
nipulated, distance and speed. Further details on this mapping can 
be found in Section 3.3.6. Robin is implemented in SuperCollider 
and it communicates via OSC with the tracking system. The output 
of the SuperCollider patch was a score in MIDI format. This score 
can be processed by any Digital Audio Workstation (e.g. Logic Pro, 
Ableton, Reason), which then transforms the MIDI flow into mu-
sic.  
4.3.3 Prototyping
The architecture of Robin was first tested and fine-tuned with a 
low-fidelity prototype of the system. Initially, three short vide-
os showing two individuals moving in a space were recorded. The 
videos were then fed into a preliminary version of the system, 
which extracted the proxemic cues and generated music following 
the proposed mapping. For each video, the generated music was 
then attached as an audio track. Without providing any contextual 
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information, the videos were discussed by five HCI researchers in a 
design workshop. All of the participants reported the music as be-
ing somehow aligned with the movements of the couple and, in 
particular, their speed seemed to match the music intensity. Two 
people realised that their distance also had an effect on the music. 
Interestingly, participants also reported rules that did not actually 
apply. For instance, one noted: “when they move their hands in cir-
cle [sic] the music repeats”. Another participant of the workshop re-
ported: “note pitches are determined by the distance of their hands 
from the ground”. This evaluation allowed testing of the quality of 
the architecture and evaluating the two scenarios with evolving 
prototypes. Finally, as the architecture developed into a stable sys-
tem, the evaluation moved into the laboratory. 
After the first exhibition of the installation, Robin was modi-
fied to accommodate visitors’ preferences. Interviews conducted af-
ter the session (see Section 5.2.4) revealed that several participants 
complained about the latency between the user input and the mu-
sical response. This latency was due to some issues related to the 
tracking system as well as to a specific choice of avoiding sudden 
changes in music. This choice was made to preserve the phraseolog-
ical structure of the music even in the case of rapid changes in the 
emotional input. For this purpose, the successive musical phrase 
was computed at the last beat of the playing bar, which was fixed at 
4/4. This resulted in an approximately 4-second delay in the worst-
case scenario, occurring when the current bar was at its first beat 
and playing at 60 BPM. In order to reduce this latency, while still 
preserving musical coherence, at every quarter beat, a new input 
from the user was checked. If it ranked above or below a specific 
threshold, a new bar started playing immediately. This solution re-
duced the latency time to 1 second in the worst-case scenario.
4.4 Context
This section details the context in which The Music Room was ex-
hibited at three different venues.
4.4.1 First Exhibition
The Music Room was first exhibited during the 2012 convocation of 
the EU Researchers’ Night, which took place on September 28th in 
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the city centre of Trento (Italy). This Europe-wide event involved 
300 venues where academic and business research results were 
publicly showcased. In Trento, the event lasted from 5 PM to 2 AM, 
hosting almost 90 demonstrations and installations, which attract-
ed a very heterogeneous audience. The Music Room was hosted at 
the Department of Humanities of the University of Trento in a 25 
m2 classroom, which had been previously emptied of all furniture. 
Some minor adjustments were made to the room: to make the en-
vironment more pleasant, the walls were decorated with musical 
patterns. The room was originally illuminated by some neon lights 
whose serious character did not match the intended mood of the in-
stallation. To this end, we covered them with orange veils to reduce 
the intensity of light and to provide a more enjoyable atmosphere. 
We wanted, indeed, to keep the room as dark as possible, for the 
purposes of fostering intimacy. However, we had to find a compro-
mise solution, as the tracking system required a minimum level of 
lighting to function properly.
Once the room was set up we tested the tracking system.  The 
test raised two issues: (i) the camera could not properly track the po-
sition of their position when they were standing close to the walls; 
(ii) the neon lights did not suffice enough light to correctly track 
visitor’s position. The first issue was addressed by restricting the 
performance area, which was delimited by a sticky tape. The sec-
ond issue was addressed by adding four light bulbs, which were al-
so covered with orange veils (Figure 4.5).
4.4.2 Second Exhibition
The second exhibition of The Music Room took place on March 23rd 
2013, on the occasion of the 5th edition of the ICT (Information and 
Communication Technologies) Days held at the Science Museum of 
Trento. The old, storied building located in the city centre provided 
an ideal setting for the installation. The 30 m2 room that hosted the 
installation was once again emptied of all furniture. A group of stu-
dents and researchers volunteered to decorate the walls with musi-
cal patterns (Figure 4.6). The event lasted for 8 hours (from 2 PM to 
6 PM and from 9 PM to 1 AM) and the building hosted several others 
exhibitions. In particular, late in the evening, a disco-music con-
cert was hosted on the ground floor of the museum. The event, and 
particularly the concert, attracted a significant number of young 
people. Many of them visited the floor where The Music Room was 
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Figure 4.5. 
A close-
up of the 
orange veils 
covering the 
light bulbs 
in the floor 
of The Music 
Room at its 
first exhibi-
tion at the 
Researcher’s 
Night 2012. 
Figure 4.6. 
Decorating 
The Music 
Room at its 
second exhi-
bition at ICT 
Days 2013.
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also hosted and eventually participated in the installation.
4.4.3 Third exhibition
The third exhibition of The Music Room was hosted at MART, the 
Art Museum of Rovereto and Trento (Italy), over the course of Au-
gust 12th-26th, 2014. The installation was located in the educational 
area of the museum, which was open only by invitation. The space 
was a 24 m2 room, typically employed as an art gallery. By require-
ments, the room was entirely emptied from of furniture except for 
a couple of immovable elements: a painting hung on one wall and 
a sink was present. Four speakers were positioned in the corners of 
the room. The tracking camera was mounted on one of the beams of 
the ceiling and a second camera was also installed in the room to fa-
cilitate the video analysis. Six light spots ensured that participants’ 
positions could be properly tracked. Finally, the windows were cov-
ered with long blank sheets to prevent external lights from interfer-
ing with the tracking system (Figure 4.7). 
Figure 4.7. 
The Music 
Room as 
exhibited at 
MART.
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4.5 Conclusion
This chapter presented the design of The Music Room, an interac-
tive installation that allows musically untrained visitors to com-
pose an original music by moving throughout a room. The concep-
tual design and the prototyping stage of the system were also pre-
sented. Three possible interaction scenarios were envisioned. The 
next chapter focuses on understanding whether and how visitors’ 
experience matched our design expectations with a field study and 
a controlled study.
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with a focus on 
the experience of 
the audience. A 
quantitative study 
performed with 
the general public 
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with invited 
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are detailed, 
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engagement 
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installations.
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5.1 Introduction
This chapter presents the evaluation of The Music Room as conducted in two studies. The first study focused on un-derstanding visitors’ behaviours with The Music Room ana-lysing data collected from two field studies in which the in-stallation was publicly exhibited (Section 5.2). An integration 
of log-data, video analysis and subjective evaluation was performed. 
The analysis offered insights to understand the experiences of the visi-
tors who engaged with the installation in a number of different ways, 
at times appropriating the original design idea. Reconsidering design 
assumptions compared to behavioural data, a number of unexpected 
behaviours were noted. In particular, the evaluation suggested a clear 
distinction between visitors who actively engaged in composing music 
and those who passively moved to the music. Both behaviours were of-
ten manifested in the form of dancing. 
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The second study was arranged to clarify this behavioural ambiva-
lence and to provide further information about the variability of us-
ers’ experiences (Section 5.3). This time, a qualitative approach was 
adopted. In-depth feedback was collected as to visualise the audi-
ence experience from individual perspectives rather than to search 
for average group behaviours. Visitors’ interpretations contributed 
to understanding how the general public could experience the in-
stallation. In particular, it was disclosed that (i) the installation of-
fered a number of non-ordinary experiences, and (ii) visitor engage-
ment was sustained by a variety of experiences, either connected to 
an exploration of the functionality of the system or to an engross-
ing involvement with the installation. Providing visitors with min-
imal information on system functionality increased the creative en-
gagement of the visitors, but their experiences mirrored to a lesser 
extent that engagement that had originally been envisioned.
5.2 Field Evaluations
The two field studies were performed in Trento on the occasions of 
the 2012 convocation of the EU Researchers’ Night and on the occa-
sion of the 5th edition of the ICT Days held at the Science Museum of 
Trento (refer to Section 4.4.1 and 4.4.2). 
For both occasions, before entering the room, visitors were in-
formed that they could direct the music, which was generated by 
a computer, through their own movements. Their distance from 
other visitors would influence the pleasantness of the music while 
their speed would change the intensity (i.e. volume and tempo). 
After this brief explanation, a researcher invited participants to 
sign a consent form notifying them that their session would be vid-
eotaped. Then, the researcher left the room and closed the door. In-
itially, people were free to experience the installation for as long as 
they wished. However, for both events, as the waiting queues dra-
matically increased over time, several people were invited to leave 
the room after they had participated in the installation for a few 
minutes. 
Once the members of the dyad had left the room, two research-
ers addressed them with a few questions. In addition, on the occa-
sion of the second exhibition only, they were given a card contain-
ing the URL and the QR-code to an online questionnaire, together 
with a personal code. With this code, once they had completed the 
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questionnaire, they could download the music they created during 
the event. In addition to the camera installed on the ceiling of the 
room, which was used to track participants’ movements, another 
camera was mounted in the room to videotape their performance 
from an additional perspective. This further point of view allowed 
the researchers to gain a better understanding of the behaviours 
and engagement of the participants.
The results presented in the following sections are based on 
the integration of online observations, interviews, questionnaires, 
log-data and video analysis.
5.2.1 Field Observations
Posters placed across the venues (Figure 5.1) advertised the instal-
lation and contributed to attracting visitors. For both exhibitions, 
The Music Room was constantly busy from the opening to the very 
end: 87 and 85 dyads participated, for a total of 344 visitors of all ag-
es who used the installation. Individual visits lasted on average 5 
minutes each (from a minimum of 1 min 30 s to a maximum of 10 
min). At both venues, the installations quickly gathered increasing 
Figure 5.1: 
One of the 
posters that 
contributed 
to attracting 
visitors’ 
attention.
Prendete parte all'installazione per entrare in contatto con la 
composizione musicale senza dover saper suonare o conoscere 
la teoria musicale! 
Potrete provare l'esperienza unica di creare musica tramite un 
semplice modello di interazione: un computer analizzerà i vostri 
movimenti all'interno della stanza e genererà della musica 
coerente ad essi. L'idea dell'installazione è di usare il paradigma 
dell'amore per inﬂuenzare la musica. 
Quando entrerete nella stanza, con un amico o con il partner il 
computer inizierà automaticamente a comporre senza nessun 
intervento umano una musica originale. 
Muovendovi all'interno dello spazio inﬂuenzerete la canzone in 
tempo reale: la musica varierà a seconda della distanza che ci 
sarà tra di voi e a seconda della velocità con cui vi muoverete 
nello spazio: 
_Avvicinandovi la musica sarà allegra e romantica, serena e 
piacevole. 
_Allontanandovi la musica diventerà tragica, triste. Più vi allon-
tanerete e più suonerà dissonante e straziante. 
_Muovendovi lentamente la musica suonerà pacatamente, 
mentre correndo aumenterà il volume. La dissonanza e la spia-
cevolezza della musica rappresentano la metafora di qualcosa 
che si vorrebbe evitare. 
Usate il vostro corpo come strumento musicale e decidete se 
seguire il suggerimento della musica che vi inviterà a rimanere 
vicini o se creare una vostra passionale storia musicale fatta di 
momenti di pathos, di tragedia e di gioia.
MUSIC LAB
EXPERIENTIAL
Sabato 23 febbraio 2013 
dalle 14:00 alle 18:00 e dalle 21:00 alle 01:00
Museo delle Scienze, via Calepina 14, Trento
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success, as witnessed by the long queues of visitors. However, the 
smiling faces of the visitors leaving the room, and a video demon-
stration running nearby, appeared to be an attraction to many peo-
ple. Indeed, despite discouraging several visitors, the long queue 
also caught the attention of several passers-by who eventually end-
ed up joining the queue.
During the first exhibition, we were caught unprepared for 
such a success, but a team of six generous and passionate col-
leagues and friends volunteered to assist us. As the installation be-
came busy and visitors started lining up to try it, they were invit-
ed to write their names on a waiting list. They were provided with 
an estimate of their waiting time, so that in the meantime they 
could continue their visit, to come back to the room once their turn 
was actually approaching. Despite of this, at 2AM we had to open 
the room to the final curious visitors who were able to experience a 
quick and unpredictable group music creation. 
Both nights were extremely intense and passed by with a hectic 
euphoria and almost no technical incidents, but it taught us several 
important lessons about the logistics of our research settings. Dur-
ing the second exhibition we organised shifts involving a team of 
13 researchers who worked hard throughout the exhibition period.
5.2.2 Video Analysis
The video analysis is based on samples of videos (N=50) collected 
from both exhibitions equally. The investigation aimed at probing 
into the most recurring behaviours exhibited by the visitors. Cat-
egories of behaviours were isolated and fine-tuned with the help 
of two researchers who independently viewed the video footages of 
each session several times. At the end of this stage of analysis, two 
categories of behaviours had been identified: acting and inter-acting. 
Acting refers to exhibiting independent behaviours: the dyad mem-
bers did not physically interfere with the behaviour of each other. 
Inter-acting occurred when the members moved together in such a 
way that one person’s movements directly affected the other per-
son’s movements, occasionally with direct physical contact be-
tween the two bodies. These two types of behaviour normally coex-
isted as visitors naturally alternated from one to the other.
101
Results are summarised in Table 5.1, showing the percentage of dy-
ads that performed that particular behaviour and the percentage of 
time spent performing that particular behaviour, considering all of 
the dyads. Alongside, the inter-rater agreement (i.e. Cohen’s kap-
pa) for each behavioural theme is provided. The kappa values range 
from 0.343 to 0.824 with an average of 0.601. Following the Altman 
(1990) interpretation of the kappa vale, the values then ranged from 
fair (0.21-0.40) to almost perfect (0.81-1.00), thus demonstrating, 
on average, good reliability of the data.
The four most common acting behaviours were walking, running, 
dancing, and standing still; all of these actions had a direct effect on the 
music played in the room. A considerable number of participants 
experimented with other playing behaviour, such as jumping, lying 
on the floor (and at times spinning or rolling), twisting, bowing, or stamping 
the ground, or mimicking a love declaration. These behaviours did not have 
a direct influence on the music, and they mostly occurred at the 
apex of the experience, when people looked particularly engaged. 
Inter-acting behaviours ranged from a playful run and chase game, or 
the enactment of a fight, to more intimate experiences such as couple 
dancing, hugging, or the more vigorous pirouetting. A number of visitors 
also laid down and crawled, as if attempting to confuse the system by 
hiding from the camera view.
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Table 5.1: List of the most common behaviours exhibited with associated values  
of Kappa.
ACTING % OF TIME % OF DYADS KAPPA
Walking 36 96 0.613
Individual dancing 11 56 0.690
Running 10 82 0.612
Standing still 8 100 0.522
Lie down 3 7 0.824
Jumping 2 47 0.599
Twisting 4 28
0.343
Bowing 0.5 16
Stamping the ground 0.4 8
Mimicking declaration of love 0.2 2
INTER-ACTING % OF TIME % OF DYADS KAPPA
Couple dancing 17 76 0.762
Run and chase game 6 64 0.641
Pirouetting 2 32 0.612
Intimate behaviours 2 32 0.409
Lift 1 16 0.591
Fight 0.5 28 0.595
This analysis offered a detailed understanding of the behaviours ex-
hibited by the visitors to this installation. Their engagement with 
the installation undeniably emerged from a number of performed 
actions; the high occurrence of several of these actions, however, 
indicated that they did not simply experience the installation as a 
musical controller.
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5.2.3 Log Data Analysis
During the second exhibition, the log data describing dyads’ (N=63) 
position and speed  was collected and stored to be later analysed.
The first analysis examined possible common interaction tra-
jectories (i.e. performance patterns) by analysing the movements 
of each dyad during the entire session. We were expecting a par-
ticular trend to be exhibited by a considerable number of dyads. 
Specifically, in a temporal order:
1. Once in the room, visitors would try the most extreme com-
binations of musical output (e.g. standing still close and far, and 
running). This behaviour would result in a substantial variability 
of both distance and speed.
2. Once acquainted with the system, they would engage in 
dancing, chasing play or performing intimate behaviours. Distance 
and speed would vary considerably at this stage.
3. Before exiting the room, visitors would spend a short period 
disengaging from the activity. This would correspond to a gradual 
reduction of speed and stabilised distance.
To test this prediction, for each dyad, information on speed 
and distance was plotted and visually inspected with the help of 
two researchers. Results contradicted our prediction: the expected 
pattern did not emerge from the visual inspection of the plots, and 
largely varied among dyads. In some cases, proxemic cues varied 
to a very limited extent, suggesting that visitors continued to per-
form the same behaviours. By contrast, other dyads continuously 
changed their speed and distance. Figure 5.2 shows the distance be-
tween the members of a dyad and their average speed as they varied 
during a session. This data was representative of a typical data set 
with respect to the continuous variability of the two dimensions.
The second analysis focused on understanding whether the av-
erage values of distance and speed, collected during each session, 
could provide interesting insights about visitors’ experiences. In 
particular, the combination of the means of distance and speed 
could provide information about visitors’ behaviours (Table V.2). For 
instance, intimate slow dancing could be represented by low means 
for both distance and speed, and running by high means for both 
factors. By contrast, divergent combinations of the two means (i.e. 
high-speed with low distance, and low-speed with high distance) 
could either refer to fast movements performed while being linked 
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together (pirouetting) or to individual behaviours performed at a 
high distance. For the sake of convenience, the values of the means 
of distance and speed were divided into three categories with the 
33rd and 66th percentiles. Table 5.2 maps combinations of the means 
for distance and speed with characteristic behaviours.
Figure 5.3: 
The histo-
grams of the 
standard 
deviations of 
distance and 
speed show 
a Gaussian 
trend, sug-
gesting that 
performed 
behaviours 
widely var-
ied between 
and within 
dyads.
Figure 5.2: 
Speed and 
distance 
variability 
during a 
single ses-
sion. Both 
distance 
and speed 
continuously 
change, thus 
suggesting 
that the dyad 
members are 
trying dif-
ferent com-
binations 
of musical 
outputs. 
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Table 5.2: Predicting behaviours by means of means and SD of distance and speed.
LOW  
DISTANCE
MEDIUM  
DISTANCE
HIGH  
DISTANCE
LOW SPEED Intimate  
behaviours
Talking / discussing
Collaborative 
dancing
Romantic dancing
Individual  
and collaborative 
dancing
Individual  
behaviours
MEDIUM SPEED Dancing
Walking together
Walking Individual  
behaviours
HIGH SPEED Performing  
pirouettes
Fighting
Pursuit Running
Results revealed that the means for both distance and speed greatly 
varied among dyads. The nine combinations had a very similar in-
cidence, bearing witness to the great variety of behaviours mani-
fested in the room. The most common combination was high speed 
with high distance (14.3%), associated with running or playing.
To examine this variability in more detail, the standard devi-
ations (SDs) of distance and speed were analysed. Low SDs for both 
variables would suggest that visitors did not change their behav-
iours by any significant amount. Rather than exploring all of the 
interaction possibilities, they preferred to adopt a more passive 
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behaviour. On the other hand, high SDs for both variables would 
suggest that visitors spent a significant percentage of their time ex-
perimenting with different combinations of speed and distance. 
The frequencies of the two SDs showed that both variables exhib-
ited a Gaussian distribution among the dataset of all of the dyads, 
confirming that performed behaviours widely varied between and 
within dyads (Figure 5.3). 
Log data were also analysed to evaluate potential differences among 
genre distribution. The means and SD values of distance and speed 
were entered as dependent variables into a MANOVA analysis with 
genre distribution as the between-subjects factor. Results indicat-
ed that the dyad composition exerted a significant effect on aver-
age distance (F (2,60) = 3.47, p < .1, ηp2 = .1) and speed standard de-
viation (F (2,60) = 2.48, p < .1, ηp2 = .07). The effects were due to 
mixed-gender dyads, which interacted at a closer distance and var-
ied their speed on a less frequent basis than male-only dyads. This 
result can be explained with reference to the stereotype of social ac-
ceptance of physical proximity in dancing situations. 
5.2.4 Interviews
At the first exhibition, 63 dyads were asked three questions and en-
couraged to express any further comments if they wished to do so.
1. The first question probed visitors’ general experience, 
which was described by almost all visitors with flattering words 
(e.g. cool, interesting, unique, intimate, pleasant and relaxing). The only 
two visitors who did not enjoy the experience complained about a 
lack of interactivity: they were expecting a more direct manipula-
tion of the artistic artefact. Twelve dyads reported that they were 
particularly impressed by the quality of the music.
2. The second question invited visitors to elaborate on the 
negative aspects of the experience, and suggest possible improve-
ments. Once again, most of the people were notably positive. The 
only concern, which was shared among 14 dyads, addressed a de-
lay between their movements and the music reaction. This issue 
was solved for the second exhibition improving the response delay 
of Robin to distance and speed changes (see Section 4.3.3).
3. The last question investigated the extent to which visi-
tors perceived being in control of the music. This question high-
lighted an important dichotomy. Nearly half of the interviewed 
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participants reported that they felt as if they were actively con-
trolling the music. The other half declared that they were mainly 
following the music, only having the impression of playing an ac-
tive role in a few situations. For instance, six dyads reported that 
they had initially spent some time controlling the music, but then 
had simply forgot about the instructions and subsequently followed 
the music.
In the second exhibition, 77 dyads were interviewed. This 
time, we were mostly interested in understanding whether the am-
bivalence between controlling vs. following the music had been re-
duced by the technical intervention on Robin (Section 4.3.3). Re-
sults showed that this was just partially the case, as only 58% of the 
interviewees reported that they were controlling the music; the re-
maining visitors felt like they were following the music (15%) or ex-
perienced both feelings (27%).
5.2.5 Questionnaires
For the second exhibition, a total of 57 questionnaires were collect-
ed from 32 female and 25 male respondents, 26% of whom reported 
being capable of playing an instrument. The number of respond-
ents was particularly high: with respect to the total number of vis-
itors, 34% of them responded to the questionnaire. The last page of 
the questionnaire showed a textbox where participants could en-
ter the code they were given at the end of the session and download 
the song they had created in the room. They were also invited to vis-
it our website to find information on our work, and to leave further 
comments on our Facebook page.
The seven questions, with means and SDs, are listed in Table 
5.3. The music was generally appreciated (3.93), although some vis-
itors would have preferred other musical genres. The most negative 
response regarded the number of available movements used to in-
fluence the music (2.77). 
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Table 5.3: Results of the online questionnaire.
ITEM MEAN (SD)
“I did not like the music inside the room” (reversed) 3.93 (SD=.98)
“I enjoyed the installation” 4.18 (SD=.98)
“It was a stimulating creative experience” 3.77(SD=1.17)
“I will recommend my friends to try this installation” 4.33 (SD=1)
“The music followed my and my partner’s movements” 3.15(SD=.97)
“The number of available movements to influence music were 
too few” 2.77(SD=1.28)
“I would have preferred other musical genres” (reversed) 3.02 (SD=1.51)
The data were analysed by means of a principal component factor 
analysis with Varimax rotation (Kaiser Normalisation). Two com-
ponents with an eigenvalue of greater than 1.0 were found. The 
components can be thought of as representing the general engage-
ment with the experience (Component 1) and possible changes on 
the musical interaction (Component 2). The components loading 
are shown in Table 5.4. 
A parametric test of correlation was then performed between 
expertise and the two components. There was a significant nega-
tive correlation between expertise and Component 1 (r = -.316, N=57, 
p<.05, one-tailed), thus suggesting that non-musicians had a more 
engaging experience. 
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Table 5.4: The components found by the principal component analysis, 
 and variables that load on them.
COMPONENT 1
“I enjoyed the installation” .876
“I will recommend my friends to try this installation” .801
“It was a stimulating creative experience” .647
“I did not like the music inside the room” .640
“The music followed my and my partner’s movements” .577
COMPONENT 2
“I would have preferred other musical genres” .876
“The number of available movements to influence music were too few” .801
5.2.6 System Quality and Reliability
In addition to examining the experience of the visitors, we were 
keen to analyse the quality of the system, i.e. the accuracy of the 
response of the system to the movements of the users. In particu-
lar, we investigated (i) how precisely dyads’ positions were tracked, 
and (ii) how promptly Robin adapted its musical output in response 
to visitors’ movements.
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To obtain information about the accuracy of the tracking system, 
during both exhibitions, two researchers sat behind the control 
desk, observing the reaction of the system to the movements of the 
visitors. The visual tracking algorithm tracked dyads’ positions fair-
ly accurately. Occasionally, when the members of the dyads were 
standing in close proximity for an extended period, the system was 
observed to lose track of one of them. In most of the cases, the sys-
tem recovered from this error very quickly. However, in very few oc-
casions, we were forced to reset the system, thus losing track of the 
position of the dyads for approximately 10 seconds.
With respect to Robin, interviews revealed that most visitors 
were impressed by the quality of the music, which was often de-
scribed as barely distinguishable from that produced by a human 
musician. However, during the first exhibition, a brief latency be-
tween user movements and the generated music was reported. This 
latency was a consequence of a precise design choice: we inten-
tionally decided to avoid sudden changes in music in order to pre-
serve the phraseological structure of music, even in the case of a 
sudden change in the emotional input. Several visitors, however, 
commented on being annoyed by this latency, as they were expect-
ing the music to change instantaneously in response to their move-
ments. In order to fulfil this request, for the second edition of The 
Music Room, we modified the algorithm to reduce the latency (Sec-
tion 4.3.3).
5.2.7 Discussion
Results collected from field observations, interviews, video analy-
sis and questionnaires confirmed that a large percentage of visitors 
deeply enjoyed The Music Room. This enjoyment was due to a full 
range of different pleasurable behaviours, which were identified by 
log data and video analysis. However, both techniques failed to as-
sess the reasons that motivated this different behaviours, and to 
identify the factors that accounted for the diversity of experienc-
es. Following reflections from related studies, this difference might 
be attributable to the diversity of visitors’ “interpretation, under-
standing, attitudes, personality and expectations of computer cul-
ture” (Höök et al., 2003).
This study also evidenced that the three scenarios originally 
envisioned in the conceptual design phase (playing, dancing and acting 
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- Section 4.2) occurred with differing incidence. The most common 
scenario was dancing (performed by 76% of the dyads), probably be-
cause the synergy between music, movements and emotions is often 
associated with dancing. The acting scenario occurred only occasional-
ly: during the interviews, only two dyads reported that they had 
been pretending to act in a theatre, and two other dyads mimicked 
love declarations, as observed by the video analysis. These two scenarios 
were reasonably easy to detect via video analysis. By contrast, the com-
posing scenario could not be easily assessed via this technique, which 
failed to assess whether dyads ran, jumped, danced and walked to 
consciously influence the music. For instance, in order to make the 
music more tragic, dyad members could have simply walked away 
from each other or performed the same action while jumping. As a 
further example, to create a serene musical output, they could have 
simply stood in close proximity or danced intimately.
The interviews provided us with better insights on this top-
ic. The question concerning the level of active involvement in the 
music process indeed indicated that approximately half of the dy-
ads purposely tried to control the music. In addition to the original 
scenarios, the field studies disclosed a number of behaviours that 
had not been envisioned during the design stage. In particular, be-
haviours expressing delight and excitement occurred with a high in-
cidence: pirouetting, twisting, and enactment of a fight were each per-
formed by one out of three dyads. Furthermore, the analysis of the 
videos and the log data revealed that one third of the dyads engaged 
in intimate behaviours such as romantic dancing, kissing, hugging and 
lifting, confirming the potential of The Music Room to facilitate inti-
mate experiences. In these cases, the association between gestures, 
music and emotions possibly recalled memories from romantic 
movies or personal histories.
In the light of the initial objective of the installation, partici-
pants’ ambivalent perception of the degree of control over the mu-
sical output was probably the most unexpected result. The evalua-
tion also revealed that, rather than simply focusing on making mu-
sic, most of the visitors spent a notable amount of time performing 
actions that were not directly connected with music generation. 
Given the interactive dimensions at participants’ disposal (i.e. dis-
tance and relative speed), the only gestures that would have a di-
rect influence on the music were walking, running and standing. How-
ever, video analysis revealed that these gestures globally accounted 
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for approximately just about half of the recorded time. Visitors ap-
propriated the installation giving it their personal interpretation. 
This observation suggested that, in this design area, the actual status 
of the work could be defined and fully understood only when submitted 
to audience verdict. In fact, The Music Room, ideated as a novel musical 
controller, showed its status only when analysed with the interactions 
and the behaviours of the users taken into account.
Finally, it is worth noting that the techniques adopted in this 
study successfully accounted the most recurring behaviours exhib-
ited in the room, but they generally failed to explain the motiva-
tions that produced them. In the next paragraph, we weigh the 
costs and benefits of the different data collection techniques:
Field observations provided an initial understating of the engage-
ment of the visitors. Following the framework proposed by Ed-
monds (2010) for understanding engagement with interactive art, 
this methodology contributed to clarifying what the attractors of the 
installation were, i.e. the poster and videos placed all over the ven-
ue, the long queue and the smiling faces of people leaving the room.
Video analysis proved crucial for assessing visitors’ behaviours 
in the interactive installations, allowing a precise understand-
ing of the most common behaviours exhibited as well as individu-
al performances. However, performing accurate video analysis is a 
time-consuming method that requires engaging several research-
ers at time. In addition, this information alone does not suffice to 
infer the driving motivations for visitors to engage in their select-
ed activities. 
Log data analysis is a minimally time-consuming technique that 
might prove useful to gain a general knowledge of the variability of 
visitors’ experiences with an interactive installation. In this case, 
it allowed us to acquire a better understanding of the variability 
of their experience, thus corroborating the thesis that The Music 
Room can foster diverse behaviours.
Interviews collected feedbacks that helped to clarify visitors’ be-
haviours. Collecting impromptu comments proved an effective re-
source to understand the first impressions of the visitors, i.e. the 
factors that most significantly caught their attention and sustained 
their engagement (Edmonds, 2010). Among the limitations of this 
approach, we cite the difficulty of conducting such a study during 
public exhibitions. 
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Questionnaires are as good as the questions they contain. Indeed, if 
properly administered, this technique can reveal interesting quan-
titative insights about visitors’ experiences at a relatively low cost. 
However, this methodology can be effective only if a sufficient 
number of entries are collected. Thus, a designer who is willing to 
exploit this technique should carefully ponder when and by which 
means to collect questionnaires. To acquire as many completed 
questionnaires as possible, one solution would be to administer 
them immediately after the experience. An alternative solution is 
to administer questionnaires online. By doing so, the percentage of 
visitors that make the effort to go online at a later time to complete 
the questionnaires would itself be an indicator of the participants’ 
appreciation of this installation.
5.3 Controlled Evaluation
A new exhibition of The Music Room was arranged for the purpose 
of clarifying some of the issues that had remained unsolved follow-
ing the field studies. In addition, we aimed to understand whether 
and how the issued narratives of use influence visitors’ experience. 
This time, the installation was tested at MART, the Art Museum of 
Rovereto and Trento (Italy) (Section 4.4.3) with invited visitors and 
evaluated though in-depth interviews, focusing on idiosyncratic 
interpretations rather than group reactions that are hypotesised to 
hold for everyone (Höök et al., 2003). 
With this end in view, 13 commentators were invited by e-mail 
to participate in the study and to bring along a person of their choice 
they felt comfortable testing the installation with (from now on, 
we will refer to commentators regardless of whether they are the in-
dividuals we invited or their partners). One commentator could not 
find a partner so he was matched with an art expert who was avail-
able. To gain multifaceted feedback, commentators both inside 
(Šimbelis et al., 2014) and outside (Gaver, 2007) the communities of 
interest were involved: music, contemporary art, dance, theatre, 
neuroscience, computer science, psychology, sociology and neuro-
science field were represented. Participants were selected not only 
on the basis of their professional profile, but also for their artistic 
sensibilities.
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In total, 26 people (17 females), aged between 21 and 58 years used 
the installation. Table 5.5 lists the characteristics of the commen-
tators. Their age, gender, expertise area, and artistic interests are 
also featured, along with the kind of relation linking them to the 
partners they had brought along for the study, and the amount of 
information they were issued. To indicate a specific commentator, 
in the remainder of this paper, we will use the associated number 
followed by the letter “i” (invited) or “p” (partner). 
Table 5.5: The commentators that were invited to try the installation. R column: 
relation between the invited commentators and their partners (C=colleagues, 
F=friends, P=partners, S=strangers). I column: amount of information received 
(0=none, 1=partial, 2=full).
# INVITED PARTNER R I
1 31 M - wikipedian in resi-
dence, computer scientist
29 F - museum employee and 
Jazz pianist
C 1
2 21  M - actor, director, ama-
teur musician
21 F - studies at the conserva-
tory of music
F 0
3 28 F - physician, student art 
& science
38 M - physician, studied 
music
P 1
4 41 M - copywriter, singer, 
dancer
45 F - trainer P 2
5 57 F – piano teacher at the 
conservatory of music
58 F - civil servant, studies 
music
C 2
6 41 F - art historian 30 F - museum employee, 
studied music
C 1
7 29 M – robotic expert, ama-
teur musician
41 F - art expert S 2
8 59 F - prof. of clinical psycho-
pathology
49 M - music therapist, 
musician 
C 2
9 46 F - prof. of social psycholo-
gy, had played the piano
39 M - prof. of social psychol-
ogy, amateur drummer
P 0
10 42 F - art critic, curator, 
researcher
43 F - neuroscientist, had 
played the harp
F 1
11 52 M - dance teacher, chore-
ographer, musician
26 F - psychologist, dancer, 
plays clarinet
C 1
12 33 F – social psychologist, 
plays the piano
33 M - graphic designer F 0
13 30 F - behavioural neurosci-
entist, stage actor
30 F - educator, painter F 0
The conversa-
tion with the 
visitors revealed 
that two 
couples that had 
been originally 
assigned to the 
no-information 
group actually 
did already 
know something 
about the 
installation, so 
they were re-
assigned to the 
full-information 
group and given 
complete verbal 
information.
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5.3.1 Procedure
At their arrival, the commentators were welcomed by two research-
ers, who asked them to sign a consent form, explaining that the 
session would be videotaped. They also had to specify their occupa-
tion, musical knowledge and artistic interests (if any), and the kind 
of relation that associated them with the partner they had brought 
along. They were also asked if they were already aware of how the 
installation worked. Everybody was informed that they could enjoy 
the installation for as long as they wished. In addition, the research-
ers specified that the objective of the study was to gather interpre-
tations and reflections from commentators with specific expertise. 
Positive and negative feedback would prove equally valuable to us. 
Most importantly, they were informed that their behaviours in the 
room would not be judged in any way. Emphasising this point was 
crucial to making commentators feel comfortable and to fostering 
their trust and confidence. Finally, they were invited to feel free to 
do whatever they wished in the room.
Commentators were randomly provided with one of three lev-
els of information. Four dyads were given complete verbal informa-
tion: a researcher explained in detail the motivation of the study 
(i.e. to create an instrument to enable all users to experience mu-
sic making), how the installation worked, and how they could 
Figure 5.4: 
Concept 
mapping 
exercise. The 
commenta-
tors freely 
selected the 
concepts 
that better 
applied to 
their experi-
ence.
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influence the music by means of their own movements. Five dy-
ads only received ambiguous descriptive information on the mech-
anism underlying the installation. A sentence written on a piece of 
paper read: “Freely move in the room, your proximity and speed will change the 
music”. The last four dyads did not receive any information at all: ir-
respective of their requests they were simply informed that The Mu-
sic Room was an interactive installation about music.
After the dyads had left the room, they were invited to sit 
around a table with the two researchers and were offered water and 
drinks, as many of them had particularly long and intense sessions. 
Commentators were interviewed as a dyad. During the first stages 
of the interview, they were asked to freely report any thoughts, re-
flections and criticisms about the experience in their own terms, 
rather than being influenced by researchers’ projections. In most 
cases, they kept talking for several minutes. Sometimes, instead, 
the researchers had to urge them on with general questions (e.g. 
“Did you have any suggestive feeling?”) and direct questions (e.g. “How did 
the music sound like when you were close together?”). To avoid biasing the 
study, an external researcher, who had not taken part in the pro-
ject, conducted the interviews. Before concluding the interview, 
the commentators were presented with a simplification of the con-
cept mapping method for guiding evaluation (Trochim, 1989).
This method was proposed to the participants when we noticed 
that they were becoming less engaged in the interview. They were 
shown a number of hand-drawn circles (Figure 5.4): each of the cir-
cles contained a word that conveyed a concept potentially related to 
their experience. Participants were asked to choose the ones that 
best applied to their experience, and to arrange them in relation to 
each other (e.g. in a hierarchical or relational order). In addition, 
they were provided with empty circles, where they could add their 
own words if they wished to. The “new” words were added to the 
range of circles that would be shown to the successive dyads. At the 
end of the experiment, 13 circles had been added to the initial set 
of ten words, chosen by the researchers (i.e. me, partner, game, room, 
movement, music, dance, empathy, emotion and creation). During the con-
cept mapping, no explicit question was asked, as the activity was 
not goal-structured or action-oriented.
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1
An extract  
of a video  
recorded  
in the room 
can be found 
at http:// 
youtu.be/
DrULqzx7p-
Mo
5.3.2 Data Analysis
The data source of the investigation was composed of an integra-
tion of three evaluation methods: interviews, analysis of the con-
cept mapping, and video analysis.
1. Interview transcripts. Interviews lasted from 21 to 38 minutes 
(average 31.2). Two researchers produced written transcripts of the 
13 interviews with additional notes about contextual circumstanc-
es (e.g. behaviour in the room, relationship between the dyad, 
amount of information provided, personal background).
2. Concept mapping. On average, this method accounted for 34% 
of the interview time. In particular, it proved remarkably effective 
for those who were brief in the interview, reaching a peak of 70% for 
the dyad who engaged with the interview for the shortest time. All 
commentators narrated their experience by selecting and discuss-
ing the concepts in an order that mirrored their relevance with re-
spect to the overall experience (e.g., “I would start from DISCOV-
ERY. It was mainly about understanding the functionality of the 
system”). A list of the concepts selected by each commentator, as 
well as the transcript of the activity, was produced.
3. Video analysis. The 13 videos were analysed with the help of a 
second researcher, with the objective of gaining insights on the ex-
perience of the visitors and discovering singular behaviours.1
 This analysis produced written annotations of (i) the experi-
ences of each visitor, jotting down potential evolutions of their be-
haviours, and (ii) particular behaviours exhibited by the dyads (e.g. 
“[2i] they continuously interacted with the sink, trying to under-
stand whether it influenced the music”).
The methodology to interpret these data evolved with several 
iterations of inductive thematic analyses (Braun & Clarke, 2006). 
The interview and the concept mapping transcripts, as well as the 
video analysis annotations, were analysed with the help of a re-
searcher. The most interesting quotes and notes with respect to 
the research goal of understanding audience experience were high-
lighted at this stage and associated with a code. Codes were iter-
atively analysed and clustered into themes following a semantic 
approach. For instance, the code information (reflections on the ef-
fect of the information provided in the study) and interpretation (ver-
bal explanations of the system behaviour), which counted respec-
tively 9 and 6 codes, were clustered into the theme narrative of use. 
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Ultimately, the analysis revealed four main themes: non-ordinary ex-
perience, modalities of engagement, interpreting narratives of use and idiosyncrat-
ic interpretation.
5.3.3 Non-ordinary experience
Sixteen visitors noted that the peculiar character of the installa-
tion is that it offered a non-ordinary experience. Overall, it appears 
that The Music Room appealed to the satisfaction of self-actualiza-
tion needs, one of the highest-level elements of human well-being 
(Maslow, 1943). Five dyads credited this feeling to being empowered 
to make music simply by means of their movements: “I felt god-al-
mighty. Using my body to create a classical music was amazing!” 
[10i]. Some of them emphasised that they had been enabled to have 
control on music for the very first time in their life: “For the first 
time I could actually control music...and simply through my own 
movements.” [4p]. One visitor even questioned the concept of au-
thorship of the composition. Another commentator claimed that: 
“On one occasion the music was particularly sad and melancholic. 
Then, we just realised that it was up to us to make it happier by get-
ting closer to each other...so let’s change it!” [12p].
Video analysis revealed that dancing was one of the most com-
mon behaviours exhibited in the room, as 12 commentators spent 
some time participating in individual or couple dancing. Interest-
ingly, three commentators reported that the installation offered 
a non-ordinary experience insofar as it subverted known rules of 
dancing. “Usually, when you dance it is your body that follows the 
music. It was cool that we were influencing the music and not the 
other way round” [7a]. A dyad of contemporary dancers put the em-
phasis on this point and explicitly stated they would use the instal-
lation in their work: “It is like a choreography, just the other way 
round. We move and the system crafts ‘a musical dress’ on top of 
our movements” [11i]. The subversion of the rules of dancing can 
prove helpful to people who feel uncomfortable when dancing: “I 
personally have issues with dancing. I simply cannot move to the 
music. But now that I was the one who was creating it, I just lost 
myself in the experience and danced” [4p]. 
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5.3.4 Modalities of Engagement: Exploration vs. Flow
The engagement with the installation was mainly sustained by two 
factors: exploration and flow. Most of the dyads (N=10) enjoyed the in-
stallation as an exploration of the functionality of the system. Their 
goal was to understand how it worked, how they could interact 
with it and how they could tweak it: “My main concern was to un-
derstand which options I had, what I could change” [9p]; “I wanted 
to put the system to the test, so I tried to hide and then to suddenly 
change rhythm and direction” [2i]; “I tried to make sense of how the 
system worked. Understanding what happens when we get close, 
when we move apart, when our movements are coordinated…” [6p].
Three dyads attributed the engagement to having experienced 
the typical conditions of flow (Csikszentmihalyi, 1991). “The emo-
tional aspect was extremely intense. I definitely had fun, but it was 
not just about having fun. It was emotionally intense. I was liter-
ally swallowed up by the installation” [4p]. “The most beautiful as-
pect was that I completely focused on the here and now. In everyday 
life, it is almost impossible to achieve this state of mind” [10i], and 
“I enjoyed the room as an introspective experience. That was my ob-
jective” [4i]. 
Rational exploration and flow almost never overlapped: “It’s ei-
ther about creating or having fun…understanding or letting it flow” 
[13i]. “In my opinion it was not about fun or emotions: I had anoth-
er objective, I wanted to discover the trick. Had I found it, I would 
have enjoyed” [9p]. “You can either focus on the emotional or on the 
technical aspect. I think it makes more sense as an emotional expe-
rience rather than a musical instrument” [7i].  In some cases, these 
two conditions alternated during the experience: “At the beginning, 
the most important element was the emotional factor. It was asso-
ciated with the music and the presence of the other person. Then, 
we started talking and planning the interaction. The emotional as-
pect retreated into the background, and we experimented” [7i]. “I 
was primarily interested in investigating how the system worked; 
if I were to try it again it would be less entertaining but more crea-
tive and emotional” [1p]. In one case we were confronted with the 
opposite scenario: a couple of friends started to purposely control 
the music, to eventually discover that their efforts were unsuccess-
ful. Therefore, they stopped trying to control the music and simply 
had fun dancing and clowning about. 
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Figure 5.5: 
Creative in-
terpretations 
of The Music 
Room.
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Figure 5.5: 
The drawing 
and the sink 
present in 
the room.
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5.3.5 Interpreting Narratives of Use
The amount of information issued to the visitors determined audi-
ence experience. Video analysis revealed that dyads without any in-
formation stayed in the room much longer (ranging from 19 to 41 
minutes) compared with those who had been given partial and full 
information (9 to 18 minutes and 7 to 10 minutes, respectively). The 
uninformed dyads usually spent this extra time in trying to under-
stand the underlying mechanisms of the installation. 
Unclear narratives of use proved to foster creative behaviours 
in the room. Visitors without full information even came up with 
rules and interpretations that did not actually apply to the installa-
tion. “Making circular movements with hands and arms triggered more harmon-
ic music … it sounded ‘circular’.” [13p]. As this was not the case, the oppo-
site relationship must have been true: when she perceived the mu-
sic as “circular”, she reacted with circular movements of her hands 
and arms. Another dyad firmly believed that particular musical pat-
terns were triggered when they were standing in the middle of the 
room.
Other creative interpretations emerged from the interaction 
of the visitors with the external objects of the room (Figure 5.5). 
Three out of four dyads without information spent several minutes 
interacting with the drawing by touching and waving at it, reck-
oning it had been placed there for a specific reason. “I think there 
is some eye-tracker or something behind it…I tried to interact with 
it” [9i]. One commentator provided a very creative interpretation. 
He claimed that the drawing was the key to unlocking the system 
functionality (Figure 5.6). “The drawing was a representation of the 
whole experience. It gave us a key to interpret the dynamics of the 
installations. The open box means that the room opens and wel-
comes us. Then, all those circles and the two hands are there to in-
vite people to move” [2i]. He also repeatedly tried to interact with the 
sink because he assumed it was somehow connected to the music. 
Some commentators discussed how the information they were 
issued determined their experience. One with partial information 
said she would have preferred to have received no information be-
cause the fun was in the exploration. Four dyads with different 
levels of information attributed engagement to the lack of rules: 
“Rules kill creativity” [10i]; “The fact that you do not dictate rules 
but you just give hints…means that everything is allowed” [4i]. By 
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contrast, the lack of rules negatively impacted on the experience of 
several visitors: “I felt frustrated. It was like having an instrument 
and not knowing how to play it” [13i]; “Had you given us informa-
tion I would have created more” [12p]; “Not knowing the rules does 
not help people to get into a creative mode” [10p]; “Now that the 
rules are clearer, I would dare to experiment more with composi-
tion.” [10i].
5.3.6 Idiosyncratic Interpretation
The engagement with The Music Room was as varied as the visi-
tors who enjoyed it. In particular, the relationship between the two 
members of the dyad and their professional backgrounds strongly 
influenced their experience. 
Those on close terms (i.e. either partners or best friends) visi-
bly enjoyed the presence of their partner: “We enjoyed a lot having 
to decide together what to do” [10i]. While combining together the 
words during the concept mapping phase, a commentator report-
ed: “I felt as if I had been in empathy with my partner, because we 
were playing and dancing together” [6p]. By contrast, the dyad of 
strangers reported some sort of embarrassment while being close. 
“Since I have never met her before, I won’t approach her closely, I 
won’t hug her. I just get close to her a bit but I will always keep my 
safety margin and she will keep hers” [7i]. 
Professional background and interests were among the factors 
that contributed to shaping the experience. Those with a scientific 
background quite often had a rational approach: “We were keeping 
a fixed variable while changing the other to understand the mech-
anism” [13i]. A dyad of physicists felt like “guinea pigs” used for an 
experiment and indeed, despite being partners, they looked un-
comfortable in the room. Conversely, artists generally reported an 
“introspective experience where I could freely express myself” [13p]. 
Differences in background and interests deeply influenced visitors’ 
behaviours even within the same dyad. In two cases, dyads of best 
friends, both with very different backgrounds, had quite opposite 
experiences. One was completely focused on understanding the un-
derlying mechanisms and felt frustrated for not being able to do so; 
her partner, instead, had a very pleasant time dancing and losing 
themselves in the experience. In another case, one was in a ration-
al mode while the other felt relaxed and immersed in the music.
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Apart from personal traits, the variability of these comments may 
be attributable to the commentators’ expectations. One of the danc-
ers tried a wide range of dance movements, because she thought 
she had been specifically invited by virtue of her dancing skills. One 
dyad, speculating on the name of the installation, assumed they 
were about to try to compose music in a recording studio. Lastly, 
one commentator had expected to have a higher degree of control 
on the composition so he felt quite disappointed when he realised 
that fine movements were not taken into consideration. 
Additionally, most of the commentators freely provided sug-
gestions about potential applications of The Music Room, and they 
often visualised possible applications in their domains of interest. 
They also mentioned several people who could benefit from this sys-
tem, e.g. children, people with autism, and disabled and visually 
impaired individuals.
5.3.7 Discussion
This study confirmed that The Music Room consistently meets with 
visitors’ approval. All commentators reported largely positive opin-
ions. This study also offered interesting reflections to understand 
participants’ engagement with The Music Room. In particular, it 
disclosed that different narratives of use widely affected partici-
pants’ experience from two perspectives. 
1. Ambiguous information proved to be crucial for fostering 
creative interpretations of the interactive installation. This result 
confirmed findings of previous works conducted in the broader de-
sign area (Höök et al., 2003; Gaver et al., 2004; Dix, 2007). When 
unbiased by any explanation, visitors created their own interpre-
tation, attributing personal meanings to the system (e.g. a puzzle 
game, a contemplative space, a dance room, or a playground). They 
were provided with a sandbox experience that was interpretatively flex-
ible (Sengers & Gaver, 2006): after being supplied with a set of tools 
and mechanics, they were allowed to experiment with the system 
regardless of the designers’ goals. This result suggests that avoiding 
clear narratives of use has the highest potential for fostering crea-
tive engagement: the audience is encouraged to find personal and 
unexpected meanings and interpretations. On from other hand, 
such participants’ experiences are potentially different to what was 
originally envisioned by the artist. Also, ambiguous information 
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has the potential drawback of negatively influencing the experi-
ence of some visitors who might be frustrated by not precisely know-
ing how to interact with the system.
2. Different narratives of use also contributed to defining the 
elements that kept visitors engaged with the installation: flow and 
exploration. These two aspects seemed to be mutually exclusive, as 
they hardly coexisted: visitors were either focused on understand-
ing the functionality of the system or losing themselves in the ex-
perience. In general, those who did not receive precise explanations 
tended to engage more in exploring the system. Most of the time 
they spent the entire session trying to understand the functional-
ity of the system until they found it, or until they gave up. By con-
trast, several individuals who received full or partial instructions 
reported being immersed in the experience. In this case, they did 
not have to discover the functionality of the system, so they gener-
ally spent large parts of their session in flow condition.
Besides narratives of use, differences among participants were 
confirmed as a source of unpredictability of The Music Room. In 
particular, different combinations of personal traits, background, 
expectations, and relation between the partners determined the 
way people responded to The Music Room and how they perceived 
their experience. Understanding and anticipating this variability 
is crucial to the interpretation of engagement with an interactive 
system, and it allows designers to understand the multiplicity of 
meanings, which often might not match their initial interpreta-
tion. In particular, audience expectations strongly affected engage-
ment (Bilda et al., 2008). For instance, if they planned to make mu-
sic, they would only be able to fulfil their goal when adequately in-
formed about the functionality of the installation.  This was the 
case of the commentator who felt frustrated because the outcome 
of the experience did not match her expectations and intentions.
The varieties of narrative of use and participants’ personal 
traits contributed to uncovering the multifaceted nature of the in-
stallation, which comprises a number of different experiences (Sen-
gers & Gaver, 2004). This characteristic refers to the potential of The 
Music Room to offer varied experiences to diverse people. Our re-
sults suggest that the combination of personal traits and amount of 
information issued caused this variability to collapse into one par-
ticular experience: serving as a collaborative instrument, a support 
tool for choreographers and therapists, an augmented playground, 
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etc. This understanding opens the way for new design spaces for 
The Music Room. If we were to offer a single experience to our vis-
itors, this variability should collapse into a single possible experi-
ence: this would entail some modifications to the system. For in-
stance, if we set ourselves to create a new tool for choreographers, 
finer movements would need to be detected and mapped with mu-
sic and with visual effects, as well. Conversely, if we were to con-
tinue pursuing the creation of an intuitive system for music mak-
ing, we should grant users a higher level of control over the compo-
sition. We believe that this finding might prove useful to research-
ers and artists working in this area. 
Finally, some comments on the evaluation methodologies:
Interviews with invited commentators. The interviews were con-
firmed as an excellent medium through which to gain an in-depth 
understanding. The interpretation provided by the commentators 
helped us to better determine how the general public could per-
ceive the installation from the perspective of (i) understanding en-
gagement with an interactive installation, and (ii) generating new 
design scenarios. Even though hundreds of people had already in-
teracted with the installation during the previous events, many of 
these reflections had never emerged before.
Concept mapping. The concept mapping method proved particu-
larly useful for helping visitors to stay focused on their role as com-
mentators through a playful task. It showed a good potential for 
fostering creative interpretations and stimulating reflections. In 
particular, it enabled commentators to visualise connections by cre-
ating constellations of meanings and to foster an introspective analy-
sis of their own experience. 
Video analysis. Video analysis succeeded in identifying the be-
haviours of the dyads in the room and their creative interpretations of 
the system. Analysing video footage also proved to be particularly 
effective to infer the engagement of the visitors by analysing their 
movements and facial expressions. Finally, confirming findings 
from the field study, this technique contributed understanding the 
general experience of the visitors with respect to the envisioned sce-
narios, confirming that the dancing scenario was most visitors’ fa-
vourite.
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5.4 CONCLUSION
The Music Room was designed for the purpose of providing all users 
with a novel experience of music making. However, the evaluations 
that followed the first exhibitions suggested that the audience ex-
perience often differed from our expectations. Integrating evidenc-
es collected through an array of evaluation techniques disclosed a 
number of behaviours exhibited in The Music Room, but failed to 
explain the significance of a number of recurring behaviours exhib-
ited by the visitors. Whether these behaviours were simple expres-
sions of engagement or intentional actions performed to direct the 
emotion of the music remains to be explored in more depth.
This result prompted us to further inspect this issue by con-
ducting a study with invited commentators. The evaluation of their 
experience, which was performed with an integration of in-depth 
interviews, concept mapping and video analysis, proposed that the 
motivations that predispose participants to perform particular be-
haviours in The Music Room can be attributable to the amount of 
information issued to them and to the personal traits of the visi-
tors. In particular, the more information that is given, the closer 
the experience will be to that originally envisioned by the design-
er or artist, to the detriment of their participants’ creative engage-
ment. Avoiding clear narrative of use has the highest potential for 
fostering creative engagement, as visitors are more likely to experi-
ence personal outcomes and to engage in unforeseen interactions.
Furthermore, with respect to the originally envisioned scenar-
ios (i.e. dancing, acting and composing), these two studies have con-
firmed that The Music Room ultimately offered a much wider range 
of non-ordinary and engaging experiences, ranging from music 
playing to dancing, from enjoyment to relaxation.
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This chapter 
presents MINUET, 
a framework for 
musical interface 
design grounded in 
the experience of 
the player. MINUET 
aims at providing 
new perspectives 
on the design 
of musical 
interfaces, 
referred to as 
a general term 
that comprises 
digital musical 
instruments 
and interactive 
installations.
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6.1 Introduction
For several years, NIME and related communities have been coping with the challenge of framing a design space for musical interfaces. Framing a design space serves the pur-poses of designers, providing them with concepts that sys-tematise their thinking and stimulate thoughts (Horneck-
er & Buur, 2006). This practice can inspire design, reveal potential 
problems (Benford et Al., 2005), and act as a reference point for 
future studies on user experience (Hornecker & Buur, 2006). This 
chapter aims at framing a conceptual understanding of musical 
interface design centred on the experience of the player. The out-
come of this work is MINUET (Musical INterfaces for User Experi-
ence Tracking), a design framework for the identification of the ele-
ments involved in the design of interfaces for musical making. This 
framework, grounded on related work (Section 2.2.1), is supposed 
to provide a model for reducing the complexity of the design space 
of different player experiences, ranging from Disklavier pianists to 
visitors of The Music Room. MINUET is structured into two stages, 
following each other in a non-invertible sequence. The first stage 
analyses the goals of the interface, and the second stage specifies 
how designers can actually achieve these goals. 
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MINUET can serve the following purposes: (i) reducing the complex-
ity of the design space of interfaces for music making; (ii) specify-
ing a set of success criteria; and (iii) guiding evaluation procedures. 
This chapter only focuses on the first point in this paper, leaving 
the analysis of the other two points to future works. To achieve this 
goal, we delivered a design process to tackle the issue from the per-
spectives of designer goal and specifications. The design method is 
presented in Sections 6.2, and detailed in Section 6.3 and Section 
6.4. The reliability of the framework is discussed by drawing paral-
lels with existing research (Section 6.5) and by testing it with the 
case study of The TwitterRadio (Section 6.6). The final part of the pa-
per provides an insight into future works.
6.2 Framework Design
MINUET results from a synthesis of the related work and concepts 
developed by the author. 
6.2.1 Design Method
The final structure has been developed over the course of several 
iterations, including a workshop attended by a selected group of 
three HCI researchers, a professional musician, and an interactive 
artist. At first, the related work discussed in 2.2.1 was identified by 
means of a meta-review process. Related work was primarily collect-
ed in the basis of on the references analysed in (Drummond, 2009; 
Marquez-Borbon, Gurevich, Fyans and Stapleton, 2011), while re-
maining papers were chosen on the basis of their relevance to the 
topic. Next, the selected works were schematized in connection to 
the proposed dimensions (or heuristics) and to the related catego-
ry of musical interface (DMIs and interactive installation). Later, 
we organized a one-day workshop: participants were encouraged to 
discuss affinities and connections among these works. The meth-
odology adopted is affinity analysis (Beyer & Holtzblatt, 1997): un-
der the guidance of the author, participants explored connections, 
similarities and differences among these works by using sticky 
notes and several cardboards. They were then asked to propose and 
discuss a number of dimensions that could correctly cluster the as-
sociated design guidelines from the perspective of the experience of 
the user. From this iteration, three sets of concepts emerged: Objec-
tive of Interaction, Constraint and Context, that respectively answered to 
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the questions: what the goal of the interface is, how this should be 
designed, where and when it should take place. The successive ver-
sion of the model was rearranged by the author and two colleagues, 
who redistributed the three sets of concepts into two stages of a de-
sign process: goal and specifications. This change was then analysed 
and supported by some of the workshop participants. Lastly, a few 
minor modifications to the framework were made during the anal-
ysis of the case study reported in Section 6.6.
6.2.2 Model
MINUET structures the designing of musical interfaces into a two-
stage process: the first stage, Goal, describes the objectives of the 
interface, while the second stage, Specifications, help designing 
the interaction in order to fulfil these objectives (Figure 6.1). Each 
stage is composed of some entities that address design issues on a 
more pragmatic level. To model these entities we drew up inspira-
tion from the influential work by (Benyon et Al., 2005), which de-
fines a conceptual model for the design of interactive systems. The 
PACT framework helps designers to investigate the design process 
by means of a user-centred technique based on People, Activities, Con-
texts and Technologies. The four entities detail the objectives and the 
constraints of the interface, and are specified by a series of directly 
applicable design perspectives (the elements included in the inner 
circles in Figure 6.1). 
The design process starts from the analysis of the designer goal, 
which describes the purposes of interaction. This stage is articulat-
ed in three parts: People, identifying the end-user (who) Activities, 
specifying the kind of interactions the designer has in mind (what) 
and Contexts detailing the specifications of the environment (where 
and when). Once the interaction goals have been defined, design-
ers can move on to the Specifications stage by prototyping the inter-
face. This stage analyses how to design the interaction resembling 
the last entity of PACT framework, Technologies. Unlike Benyon’s 
“Technologies”, we focus on the identification of interaction re-
quirements rather than considering hardware and software imple-
mentations. Lastly, designers can evaluate the proposed specifica-
tions by referring back to the original goal. 
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6.3 Goal
The first stage of MINUET frames a conceptual model of the in-
terface goal, in the shape of a very high-level user story (Carroll, 
2000). The related concepts guide designers to reflect upon the kind 
of experience they wish to offer. Players can use a musical interface 
for a number of reasons: to perform, to compose, to control or to 
learn music. The interface can provide players with a playful expe-
rience, stimulate creativity and convey a meditative experience; al-
so, it can have an informative meaning, and it may or may not have 
educational purposes. In order to cope with the diversity of inter-
actions, this design space is simplified detecting patterns and sug-
gesting insights that can assist designers’ reflections. In fact, they 
are invited to look at their goal through the lenses of People, Ac-
tivities and Contexts. People looks at the designer’s objectives from 
the viewpoint of the targeted category of players and from the role 
of the audience (who). Activities questions what the envisioned inter-
action is, by framing the type of musical interface. Contexts investi-
gates the environment and the set-up of the interface (where/when). 
The relevance of these entities varies according to the nature and 
the goals of the interface and the priority scale has to be given by 
designers themselves.
6.3.1 People
This entity specifies the subjects who will engage with the inter-
face, namely players and audience.
Player. A critical point when constructing specific experiences 
is to define the target user. The interface could address professional 
or amateur musicians, players that are quite familiar with music, 
or non-experts. An augmented bow can be designed to enhance the 
playing experience of professional cello players, or to ease access to 
the instrument to newcomers.
Audience. In interactive systems the audience may not per-
ceive the interactions between the performer and the system, as 
they would do with traditional instruments (Gurevich & Cavan 
Fyans, 2011). Designers that intend to allow spectators to under-
stand such interaction specifically target this issue. The intelligi-
bility or the ambiguousness of the performance greatly depends on 
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the performer’s capability of showing others how action-reaction 
mechanisms work. In some interactive systems, spectators can also 
actively take part in music creation.
6.3.2 Activities
The objective of interaction can be considered from the lens of en-
visioned player activities. The associated concepts are: motivation, 
music style, learning curve, ownership and collaboration. 
Motivation. This concept provides insights into the motivations 
of the players, analysing the relevance of the sonic and musical me-
dium with respect to the user experience. In interactive installa-
tions, sound often has an accessory goal, as it is supposed to guide 
the exploration of the environment. Vice versa, the creation or the 
manipulation of sounds is the primary goal of traditional DMIs and 
interactive sonification systems, in which users explore particular 
information conveyed into abstract musical form.
Learning curve. The learning curve provides information on the 
time required to gain skills with an interface and/or to understand 
how interaction works. Traditional complex interfaces requiring a 
significant investment of time should preferably allow high ceil-
ing, as to ensure long-term engagement and enable players to de-
velop skills, as it is the case with traditional instruments. By con-
trast, museum installations have to be experienced in a very short 
time, and therefore they must be able to reveal how they work with-
in seconds. In this case the learning curve needs a low floor. 
Ownership. Interfaces that specifically address the generation of 
creative artefacts should aim at the uniqueness of musical expres-
sion. When the musical output is a form of self-expression, the ex-
ecution, the identification and the recognition of unique playing 
styles should then be supported (Wallis et Al., 2011). By contrast, 
when the interaction is not centred on the actual production of a 
musical output, replicable outcomes are to be expected. Ownership 
can also refer to the way players interact with the interface if the 
system allows them to configure the interface according to their 
own wishes.
Collaboration. Musical activities can be carried out alone or in 
a social context. Designing collaborative experiences means con-
sidering awareness of others, and factors such as synchronization 
and coordination. Sometimes, musical interfaces can only be fully 
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exploited in collaborative contexts: in these cases, specific efforts 
need to be made to ensure the expected social dynamics. 
6.3.3 Contexts
Contexts consider the environment in which the interaction takes 
place, i.e. all those elements that can help the identification of the 
interaction goals. This entity may not be very important for tradi-
tional DMIs, yet it is particularly relevant for installations and col-
laborative interactive systems. The associated concepts (music style, 
physical environment and social environment), detail what makes 
an application unique in relation to similar works.
Music style. In novel musical interfaces sound is produced by the 
computer, so the associated musical style is not influenced by the 
acoustic features of the instrument as in traditional music. This fea-
ture opens up new horizons for designers, who can choose the mu-
sic style that better suits their goals, irrespective of the nature of the 
device. Identifying a musical style is crucial when it comes to tar-
geting a specific population. For instance, when confronted with 
a broad target population, designers should make use of a familiar 
music language, such as tonal music. On the other hand, when tar-
geting a community of experts or avant-garde musicians, the music 
itself can be experimental. Addressing a specific musical style genre 
can also be the primary objective of the interface (e.g. the musical 
controllers for electronic music such as Korg Kaossilator 2)1.
Physical environment. When reflecting on the goals of the inter-
face, its own nature frames the importance of the space in which it 
is going to take place. While traditional controllers do not require a 
precise spatial configuration, it is important to consider the physi-
cal environment hosting the installation. Some installations are de-
signed to be exhibited on the occasion of specific events while others 
are hosted by museums for long periods.
Social environment. The social context and the proximity between 
players mirror different kinds of interpersonal relations. Intimate 
experiences need a small, secluded space, while provocative instal-
lations can either be open to the greatest number of passers-by or 
force individuals to interact with an object on a one-on-one basis. 
Designers might want to draw the attention of museum visitors, or 
to arouse the interest of people and of the media into a specific so-
cial issue.
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6.4 Specifications
The second stage of the design process collects the goal considered 
by the previous issue and reflects on the interaction constraints be-
tween the player(s) and the system. When designing for intuitive 
experiences the amount of interaction possibilities should be re-
stricted, as to guarantee an easy access to the players. By contrast, 
musical controllers should enable players to manage a multitude of 
parameters, as to have full control on the generated music. Specifi-
cations must be considered according to the level of control and to 
the input and feedback modalities as well as to the presence of hu-
man facilitators that might result in a loss of operational freedom.
The degree to which the player controls the music varies along 
a continuum, which includes the different categories of interfaces. 
For the sake of convenience, though, we will discretize three cate-
gories: low, medium and high control. Low-level controllers pro-
vide control on each note or on specific sonic parameters, just like 
traditional instruments. They usually address an expert popula-
tion, as they rely on musical notations that are unknown to non-ex-
perts. Mid-level controllers give access to higher musical structures 
at bar-level or score-level such as rhythmic pattern, melody direc-
tion, mode, musical processes and loops. Depending on their close-
ness to note-level, they might be more or less accessible to non–ex-
perts. High-level controllers operate outside the musical domain, 
so they are generally open to everybody but do not allow any subtle 
interaction with musical structures.
Mapping. The level of control influences the complexity of map-
ping strategies. Low-level controllers require a convergent mapping 
(Hunt & Kirk, 2000): in order to produce a single pitch, a sequence 
of physical tasks needs to be performed just as playing a note on 
the guitar usually requires the synchronization of two or more fin-
gers). Vice versa, in interfaces controlling high-level musical ele-
ments, a single mediated parameter affects many musical factors - 
divergent mapping (Hunt & Kirk, 2000). For instance, controlling 
mode influences two lower-level musical parameter, i.e. harmonic 
and melodic intervals. Sometimes interface metaphors are needed 
to hide mask music complexity from the player’s interaction space. 
Interface metaphors indeed “allow users to readily make inferenc-
es about how to operate unfamiliar user interfaces by mapping ex-
isting skills and knowledge from some familiar source domain” 
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(Wilkie, Holland and Mulholland, 2013). In this case, a divergent 
mapping is necessary: controlling the emotional character of a 
piece will influence several musical parameters (e.g. mode, tempo, 
melodic direction and volume).
Input. Players can interact with the musical interface through 
symbolic, para-linguistic, involuntary and subconscious modali-
ties (Bongers & van der Veer, 2007). The production of sounds might 
require physical energy an ergotic gesture. Alternatively, players 
could interact on a semantic level, through visual, tactile or semi-
otic gestures.
Feedback. This concept focuses on the presence and the role of 
feedback modalities (auditory, visual, tactile, or kinesthetic – Birn-
baum et Al., 2005). Designers are invited to consider the effects re-
lated to different feedback modalities. Adding multi-sensorial feed-
back can augment the experience, but also distract a performer. In 
most cases, the visual feedback is an accessory factor but sometimes 
it can become the main focus of user experience (Fels & Mase, 1999). 
Operational freedom. Operational freedom defines the potential of 
players to express a creative interaction with the system and the 
flexibility of the interaction. Designers seeking to stimulate crea-
tivity, improvisation and adaptation should envision flexible and 
constraint-free interactions, while educational or training-orient-
ed interfaces are better achieved through rigid task-achievements 
procedures. A snare drum has rather limited interaction possibili-
ties, but offers endless compositional options. Vice versa, The Mu-
sic Room does permit players to creatively interact with the system, 
but the musical control depends on the choice of the piece’s emo-
tional tone.
Embodied facilitation. Embodied facilitation refers to the physi-
cal configuration of the interface, as well as to the presence of hu-
man facilitators. The design of the interface can impose limita-
tions if it “facilitates, prohibits and hinders some actions, allow-
ing, directing, and limiting behaviour” (Hornecker & Buur, 2006). 
In this case, the designer suggests a particular strategy or interac-
tion trajectory using constraints. Interaction constraints could al-
so be forced by human and virtual facilitators that pilot the inter-
action. Facilitators can show players how to interact with the in-
terface and other players and how to accomplish tasks. If needed, 
the spatial environment should support the envisioned interaction. 
When designing collaborative installations, the physical set-up 
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should encourage players to collaborate by constraining or facilitat-
ing their interaction, while a round space where players have the 
same distance from the object of the interaction would be appropri-
ate for shared-control interfaces.
6.5 Reliability Of The Framework
In order to argument the proposed framework, in this section we 
show how previous frameworks and taxonomies are accommodated 
within it. In Table 6.1 the main dimensions of the related work are 
associated with the elements proposed by MINUET.
Table 6.1: MINUET compared to related work (the first letter refers to the associated 
PACT entity).
Related 
work Dimension MINUET
Birnbaum et 
Al., 2005
Required expertise
P: Player
A: Learning Curve
Musical control T: Control 
Feedback modalities T: Feedback
Degrees of freedom T: Operational freedom
Inter-actors A: Collaboration
Distribution in space C: Physical environment
Role of sound A: Motivation
Wallis et Al., 
2013
Incrementality
A: Learning CurveComplexity
Immediacy
Ownership A: Ownership
Operational Freedom T: Operational Freedom
Demonstrability
P: Audience
P: Player
Cooperation A: Collaboration
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Blaine & Fels, 
2000
Physical device
T: Input
Player interaction
Learning curve A: Learning curve
Pathway to expertise A: Ownership
Physicality between players
A: Collaboration
T: Embodied facilitation
Musical range T: Control
Media
T: Feedback 
A: Motivation
Overholt, 
2009
Gestures intuitiveness  
and perceptibility
P: Player
T: Input
Mapping richness T: Mapping
Range of expression T: Control
Hunt & Kirk, 
2000 Mapping strategies T: Mapping
Cumhur 
Erkut & 
Disçioglu., 
2011
Modality of interaction T: Input
Johnston et 
Al., 2008 Modes of interaction T: Input
Wanderley & 
Orio, 20002
Learnability A: Learning curve
Explorability T: Operational Freedom
Feature controllability
T: Control
Timing controllability
Jordà, 2004
Balance A: Learning Curve
Instrument efficiency
T: Control
T: Operational Freedom
Playability 
A: Learning curve
Learning curve
140
6.6 TwitterRadio, a Case Study
This section tests with a case study the validity of MINUET to guide 
researchers throughout the design process. To this end, we intro-
duce the conceptual design of The TwitterRadio, an interactive in-
stallation designed to convey public opinions on globally trending 
topics in a suitable musical form.
Every minute, thousands of multimedia elements are gener-
ated, for the purpose of sharing life experiences and feelings with 
friends, and voicing personal opinions on trending topics.  These 
data are usually explored through a visual approach, involving the 
use of pictures, videos or graphs. The main idea behind The Twit-
terRadio is to express these data with music, given its high poten-
tial for expressing moods. Specifically, the visitors of The Twitter-
Radio would browse a list of trending news and listen to the mood 
of public opinions on those specific topics. The adopted data source 
is Twitter, which numbers more than 280 million active users (by 
the end of 2014) who constantly share their thoughts and feel-
ings on personal and social issues. The idea is to collect all recent 
tweets labelled with trending hashtags and to retrieve information 
about their emotional valence and popularity. These features can be 
mapped to music in order to create melodies that match the mood 
of the tweets. A rarely mentioned hashtag, for instance, would re-
sult in a slow, flat melody, while a trending hashtag would result in 
intense sounds. MINUET was adopted to elaborate this idea, devel-
oping a comprehensive conceptual design.
6.6.1 Goal
The original objective of The TwitterRadio was elaborated using the 
concepts proposed by MINUET in the Goal phase.
Activities and People. The TwitterRadio provides a novel environ-
ment for experiencing tweet-based contents in an auditory form. 
The complexity of the interaction needed to be reduced to a min-
imum, given the walk-up-and-play character of the installation 
(learning curve), intended to be experienced in museums or art gal-
leries (social environment). The TwitterRadio indeed targets the same 
audience of The Music Room: a general public that potential-
ly lacks musical training (player). The originally envisaged inter-
action was limited to selecting existing themes. To increase the 
141
active engagement of visitors, we decided to allow them to explore 
themes they are interested in by typing in theme-related hashtags. 
The Motivation concept also prompted the consideration of other fac-
ets of the installation to conceptualise further interaction scenari-
os. A number of scenarios were envisioned during a design work-
shop with 12 user experience researchers. The outcome of this de-
sign process resulted in the proposal of a new scenario: the idea was 
to exploit the social character of The TwitterRadio to foster critical 
thinking in the listeners. We were expecting the emotional char-
acter of the music not to match listeners’ expectations at times. In 
these cases, they could be actively involved in discussions with oth-
er listeners (collaboration) to understand, for instance, why does Christ-
mas sound so sad?
Contexts. The physical design and set-up is particularly impor-
tant for this installation. First, the social environment in which it is lo-
cated is crucial. The idea was to base The TwitterRadio on an anal-
ogy to traditional radios, from an aesthetic and a functional per-
spective. People used to gather in front of the radio to listen to and 
comment on news from the world or to dance to the music played 
by radio stations. The TwitterRadio combines both modalities into a 
single experience. However, we mainly intend The TwitterRadio as 
a news feed player rather than as a music player. To this end, it has 
to be experienced by a limited number of visitors at once; thus, it 
needs to be set up in a quiet, meditative location. The physical environ-
ment has to guarantee the visibility of the installation from a close 
point of view. Concerning the music style, given that The TwitterRa-
dio targets the general public, the music has to be in a style every-
one is familiar with. As a consequence, similar to The Music Room, 
the music was selected to be of a classical-like style.
6.6.2 Specifications
Once the goals had been outlined, the second stage focused on pro-
totyping possible design implementations. To interact with the 
music, visitors will operate though a semantic, high-level control 
of the music: they can only influence it by selecting a topic of in-
terest. A high-level control requires the adoption of an algorith-
mic composer that transforms collected semantic information in-
to combinations of musical parameters (convergent mapping). To 
this end, Robin was utilised to generate the music played by The 
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TwitterRadio. Sound is then the main feedback of the installation. 
Besides the actual music played by the radio when tuned to specif-
ic stations, to improve the analogy to old radios Robin generates ra-
dio-reception-noise during transition states. Furthermore, a visual 
feedback needs to be implemented to display the list of the stations 
and to indicate the current station.
The user interaction with the system is limited to selecting 
pre-existing topics, or to typing in new ones. Following the design 
objectives of resembling an old radio, visitors will physically inter-
act with the system through a knob that plainly reveals the interac-
tion strategy (embodied manipulation). The concept of operational freedom 
opened up reflections about possible creative interactions with the 
installation. In addition to this interaction, visitors could subvert 
the original idea, appropriating the installation as a musical con-
troller. Visitors could indeed operate on the knob in a creative man-
ner instead of simply using it for selecting their favourite theme. 
For instance, they could (i) rotate the knob in and out of a theme to 
rhythmically alternate noise and music, (ii) try to create a song struc-
ture by purposely switching between themes with different moods, 
or (iii) select a theme with a mood that is aligned with theirs.
6.6.3 Discussion
MINUET contributed to outlining the design objectives and speci-
fications of The TwitterRadio from a number of perspectives. First, 
the goal stage helped to frame the character of the installation. Ini-
tially, it was intended as an exploration of trending news in an au-
ditory form. Then, elaborating on the motivation concept, we further 
expanded the nature of the system to eventually include the critical 
design aspect of it. Furthermore, this stage helped to identify design 
requirements relative to the look and the set-up of the installation. 
Second, the specification stage contributed to elaborating possible in-
teraction trajectories with the systems and detailing their imple-
mentation. Detailing design implementations opened new interac-
tion possibilities that were not envisaged at the initial design stage. 
In particular, the presence of the knob and tuning noise suggested 
possible creative exploitations of the system.
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6.7 CONCLUSION
A general consensus suggests that a technology-oriented design 
well suits musical controllers that resemble the physicality and the 
objectives of acoustic instruments (Miranda & Wanderley, 2006). If 
we considered musical interfaces as an umbrella term that also in-
cludes interactive installations (Wanderley  & Orio, 2002; Birnbaum 
et Al., 2006) however, this approach may prove inconsistent, due 
to the diversity and the complexity of this design space. Designers 
working on this category of interfaces, indeed, tend to focus on a 
particular user experience rather than a precise set of musical ac-
tivities. Performing formal design and evaluation strategy might 
prove out to be very demanding. 
Through a systematic review and a reinterpretation of relat-
ed design dimensions and heuristics, this chapter proposed a new 
conceptual model that aims at tackling this issue. The fruit of this 
research, MINUET, is meant to stimulate reflection on both an ab-
stract and a practical level when designing novel musical interfac-
es. As well as incorporating all of the varieties of musical interfac-
es (addressing this design space and leaving behind the somewhat 
artificial boundaries intrinsic to any definition), MINUET offers 
two important contributions. First, it shifts the focus of previous 
frameworks, instead framing a design space of musical interfaces 
centred on players’ experiences. Second, to the best of our knowl-
edge, this is the first attempt to develop a framework with a precise 
temporal unfolding rather than a set of heuristics.
This study laid the foundations for developing a framework 
for the design and evaluation of musical interfaces. So far, we have 
provided a conceptual model that frames the designer’s goals into a 
set of specifications. The next step will be to investigate how these 
specifications can be validated through a series of success criteria. 
Subsequently, we will conduct a study to examine how to gather 
empirical data on the basis of success criteria in their natural set-
ting. Indeed, due to the hedonic nature of the interfaces and due to 
the fact that they are often used in non-controlled live conditions, 
most of the traditional HCI techniques for evaluating users experi-
ences cannot be applied to this design space.
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summarises 
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the results, 
contributions and 
implications of the 
thesis; points to 
limitations; and 
proposes future 
work.
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7.1 Thesis contributions
This thesis contributed to three research areas: musical interface design, psychology of music, and algorithmic composition. In this section, we summarise the individ-ual contributions.
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7.1.1 Musical interface design
This thesis proposed advancements in the development of interfac-
es for music making that target musically untrained users. With 
respect to existing categorisation of musical interfaces (Wander-
ley & Orio, 2002; Birnbaum et al., 2006), this category roughly lies in 
between DMIs and interactive installations. A limited number of 
DMIs have been trying to ease music making since the last decade 
(Wanderley & Orio, 2002; Miranda & Wanderley, 2006). Their contri-
bution often focused on proposing new interactive solutions to re-
duce the reliance on specialised motor skills that are necessary to 
make music with traditional instruments (Blaine & Perkis, 2000; 
Patten et al., 2002; Jordà et al., 2006). However, in most of the cas-
es these solutions still relied on a deep knowledge of musical nota-
tion, which is likely to be meaningless to musically untrained us-
ers. That is to say, current proposals offered only a partial solution 
to the problem. 
To address this problem, this thesis proposed to exploit the 
language of emotion to communicate musical meanings. In other 
words, musical meanings are encoded into emotions that, in turn, 
are mapped into combinations of structural factors that determine 
the affective character of the music. The music control is shared be-
tween the computer and the human. Specifically, the human con-
trols the emotional character of music.
Existing interactive installations have been trying to empow-
er the audience to control the music content interactively (Rowe, 
1993; Machover, 1996; Camurri et al., 2010; van Boerdonk, 2009, 
Fabiani et al., 2011). These installations allow visitors to influence 
the composition by dancing in a stage (Camurri et al., 2003), inter-
acting through tangible objects (van Boerdonk, 2009) or perform-
ing gestures with mobile phones (Varni et al., 2010; Fabiani et al., 
2010). However, most of these systems do not provide a detailed ac-
count of their design process and little is known of prototyping and 
evaluation stages. As a consequence, their contribution to the de-
sign field is limited.
Furthermore, to the best of our knowledge, in this context, no-
body ever integrated algorithmic affective composers, which could 
allow visitors to meaningfully interact with the music. Rather, the 
user interaction was limited to high-level control modalities, such 
as editing pre-composed pieces (Camurri et al., 2010) or deciding 
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the level of orchestration (Varni et al., 2010). In some cases users are 
let to control sonic features (Šimbelis et al., 2014), which are unlikely 
to convey appropriate meaning to musically untrained visitors. Al-
so, in almost all the cases, the evaluation of the visitors’ experience 
of the players is almost missing.
With respect to them, this thesis offered three main contribu-
tions.
1. Exploiting the metaphor of emotion to make music. In interactive sys-
tems for music making new interactive metaphors need to be de-
veloped to mediate abstract musical meanings in concrete domains 
that everybody can easily understand. This thesis proposed emotion 
to encode this mediation. Replacing musical notations with emo-
tions in the process of music making results in a number of critical 
implications in the design process. First, in order to be communi-
cated to the system, emotions need to be encoded into specific me-
dia. Second, the involvement of the player changes, as the tradi-
tional note-to-note control is replaced by control strategies based on 
emotions. Lastly, an algorithmic composer needs to be developed 
to allow users to control the emotional character of an original mu-
sic in real-time. This system was tested with the case study of The 
Music Room (Chapter 4). This is a considerable step forward in the 
vision of empowering the audience of interactive installations to 
have meaningful control on the musical outcome.
2. Systematic evaluation of visitor’s experience in interactive installation. A 
systematic evaluation of the experience of the visitors of The Music 
Room is provided with a field and a controlled evaluation. The study 
provided solutions to the issue of collecting and evaluating the expe-
rience of the audience in interactive installations (Edmonds, 2010). 
The result of this study, discussed in Chapter 5, proved that con-
ducting a formal evaluation of an interactive installation could in 
fact open numerous insights on the experience of the audience and 
on the status of the system itself. The evaluation methodologies are 
partially borrowed from broader design areas, such as interactive 
art (Edmonds, 2010; Bilda et al., 2008; Costello, Muller, Amitani 
and Edmonds, 2005) and product design (Gaver 2007).  Lastly, this 
thesis contributed to an operational definition of the concept of en-
gagement with interactive art.
3. Developing a design framework of musical interfaces. MINUET, a de-
sign framework of interfaces for music making is proposed (Chap-
ter 6). MINUET has three main advantages with respect to related 
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work: (i) it overcomes the dualism between DMIs and interactive 
installations, (ii) it reduces the complexity of the design space em-
phasizing the experience of the player, and (iii) it provides design-
ers with new perspectives and reflections when designing novel in-
terfaces for music making. 
7.1.2 Algorithmic composition
A second research area that might benefit from the findings dis-
cussed in this thesis is that of algorithmic affective composition, 
a recent research area that, to date, counts only a handful of stud-
ies (Legaspi et al., 2007; Hoeberechts & Shantz, 2009; Oliveira & 
Cardoso, 2010; Livingstone et al., 2010; Wallis et al., 2011). These 
studies contributed defining a novel branch of algorithmic compo-
sition, allowing users to influence the emotional configuration of 
the composition in real time. However, given the infancy of this re-
search area, a number of severe limitations still reduce the actual 
applicability of these systems. First, the quality of the music gener-
ated by all these systems is variable, and seems to be the result of a 
computational exercise rather than the result of a creative act. Sec-
ond, a validation study to test the effective capability of the system 
to communicate correct emotional response in the listener is miss-
ing. Lastly, none of these algorithms have been used in actual in-
teractive installations as, so far, users can only interact with these 
algorithms with clickable interfaces and select their desired emo-
tions by interacting though a mouse.
Chapter 3 described the implementation of Robin, an algorith-
mic affective composer, specifically developed to overcome the lim-
itations of the related work. 
1. Focusing on the quality of the music. The design of Robin focused 
on generating quality music rather than proposing innovative solu-
tions to algorithmic composition. As a result, in the author’s opin-
ion, the quality of the music seems of higher standards if compared 
to the related work. Music liking is a highly subjective feeling, so 
this claim would need to be supported by formal comparisons with 
existing systems. However, considering the difficulty of retrieving 
the code of such systems, this comparative study is left to future 
work. However, initial evidence indicates that people liked the mu-
sic generated by Robin. Indeed, the visitors of the Music Room rat-
ed the quality of the music with an average of 3.98 on a scale from 
1 (I did not like the music at all) to 5 (I liked the music a lot). This result is 
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particularly positive if compared to the ratings given to the music 
excerpts composed by a human, which were used in the experimen-
tal study described in Section 3.2. In that case, participants rated 
the liking of the excerpts with 3.66 on a scale 1-7, which corresponds 
to 2.61 on a scale 1-5.
2. Validity evaluation. The actual capability of Robin of communi-
cating correct emotions in the listeners was tested in an experimen-
tal study. Participants were asked to rate the perceived valence and 
arousal of 20 snippets generated by Robin, divided in four combi-
nations of valence and arousal. Results indicate that Robin can ac-
curately communicate arousal levels in the listeners. Valence per-
ception resulted more complex and tend to improve when differ-
ent structural factors (e.g. tempo and mode) converge. This finding 
can be explained in the lights of the difficulty of non-musicians to 
discriminate divergent stimulation (see result of the experiment at 
Section 3.2).
3. Exploiting Robin in interactive installation. Robin is the first at-
tempt to exploit an algorithmic affective composer in context of in-
teractive installations. The effectiveness of Robin to be used to gen-
erate music in this context was tested in two interactive installa-
tions, The Music Room and The TwitterRadio.
7.1.3 Psychology of music
This thesis also offered some important contributions to the psy-
chology of music. The study presented in Section 3.2 focussed on 
understanding the role of expertise when evaluating the influence 
of tempo and mode on emotional perception. Existing studies pro-
posed that the perception of emotions in music does not vary be-
tween musicians and non-musicians (Robazza et al., 1994; Bigand 
et al., 2005). However, to date, no studies have been trying to sys-
tematically analyse the effect of tempo and mode on the perception 
of valence and arousal taking into consideration listener’s exper-
tise. Furthermore, related works do not agree on the emotional per-
ception in case of divergent conditions of mode and tempo (Section 
2.3.4). The work presented in Section 3.2 aimed at filling these gaps 
with an experimental study aiming at understanding whether and 
how listener’s expertise influences the perceived valence and arous-
al to tempo and mode alterations. 
Furthermore, to date, there is not a single correct alterna-
tive when selecting stimuli for experimental studies on music and 
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emotion (Gabrielsson & Lindström, 2010; Bigand et al., 2005; Roba-
zza et al., 1994). In some cases, stimuli are selected among exist-
ing pieces of music. In other cases, stimuli are composed ad hoc as 
short sound sequences where individual factors are systematical-
ly manipulated. The former approach ensures an ecological valid-
ity of the music but conclusions regarding the effects of individ-
ual musical parameters can be only tentative (Gabrielsson & Lind-
ström, 2010). By contrast, the latter approach guarantees a system-
atic analysis of the effects of the probed factors, but the ecological 
validity of the music is reduced (Gabrielsson & Lindström, 2010). Al-
so, with this approach, the similarities between each other stimuli 
could disengage participants from the listening activity thus reduc-
ing the validity of the results.
With respect to these limitations, this thesis offered three 
main contributions.
1. Probing into the role of expertise in perceiving emotions in music. Exper-
tise has a role in influencing listener’s judgment of emotion in mu-
sic, but only for the dimension of valence and in case of divergent 
stimulations. Non-musicians were less sensitive than musicians to 
the information conveyed by mode and they mainly relied on the 
emotional information conveyed by tempo.
2. Understanding emotion perception when tempo and mode diverge. When 
evaluating the valence of a piece in divergent conditions, trained 
musicians, who are primarily influenced by mode, judged the ma-
jor-slow condition as more positive than minor-fast condition, 
whereas non-musicians rated both conditions halfway.
3. Adopting algorithmically composed stimuli for experimental studies. The 
experimental studies presented in Section 3.4, besides assessing 
the validity of Robin of communicating correct emotional response 
in the listener, suggests its potential of being adopted as stimuli gen-
erator in this kind of experiments. Indeed, the results of the study 
correctly replicate previous works findings, and the average liking 
of the snippets is markedly higher if compared to those created by a 
human composer for the first experiment (Section 3.2). These find-
ings suggest that the music composed by Robin has an ecological 
validity and allows a systematic manipulation of the structural fac-
tors of interest.
7.2 Conclusion and Future Works
This thesis presented a design solution to offer new experiences of 
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music making to an untrained audience. The fundamental point 
of this solution is the employment of a new interaction metaphor 
that mediates abstract musical meanings in a concrete domain. The 
metaphor proposed by this work is that of emotion, given its uni-
versal availably and natural connection with music. This design 
solution was deeply tested with the case study of The Music Room. 
Results showed particularly efficient if confronted with the engage-
ment of the visitors and the boost of musical creativity they expe-
rienced. A question that remains open for future work is whether 
and how other semantic descriptors could act as mediators of mu-
sic complexity. Semantic descriptors have been already successful-
ly adopted in music retrieval (Leman, 2008): when selecting songs 
to add to our play queue, we often make conscious or subconscious 
queries based on semantic or symbolic descriptors (e.g. memories, 
emotions, genres and narratives) that “involve a description of the 
intrinsic qualities of the music as well as of subjective experiences 
of the music” (Leman, 2008).
This thesis proposed some key ideas that could be considered 
and applied to the creation of other interactive installations, as well 
as strategies for evaluating and understanding the nature of such 
works. Indeed, as the number of artists, designers, researchers, 
and practitioners engaged in interactive art increases, there is an 
ever growing need and interest in learning principles for design-
ing effective experiences, understanding how to evaluate visitors’ 
response, and measuring the success of the artwork. The systemat-
ic approach taken in evaluating The Music Room expanded formal 
knowledge on principles of design in interactive art. Results have 
demonstrated how different amounts of explanation affected vis-
itors’ engagement with the installation, opening the door to sub-
sequent research. The considerations offered by this thesis could be 
indeed applied to other interactive art forms. Furthermore, a num-
ber of techniques for evaluating visitors experience with interactive 
art were reviewed, focusing on benefits and drawbacks.
Robin, the algorithmic affective composer presented in this 
thesis put forward several contributions in the field of automatic 
composition of affective music. In particular, the author’s opin-
ion is that the quality of the music generated by Robin constitutes 
a progress with respect to that of related studies (Hoeberechts & 
Shantz, 2009; Livingstone et Al, 2010; Oliveira & Cardoso, 2010; 
Wallis et al., 2011). Formal comparative studies are left to future 
works. Furthermore, the algorithm driving Robin can be further 
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improved. For example, the quality of the music could benefit from 
(i) enhancing the chord progression matrix by increasing the order 
of the Markov chain; (ii) developing more complex accompaniment 
lines; and (iii) developing algorithmic counterpoints. To improve 
the accuracy in communicating emotions, performative factors 
such as articulation, dynamics, and timing could be also included in Rob-
in. This advancement can be gained by integrating Robin with an 
algorithmic expressive sequencer such as the pDM (Friberg, Bresin 
and Sundberg, 2006).
This thesis also contributed to the psychology of music by ad-
vancing current understanding of the role of expertise on the emo-
tional perception of music. The effect of mode and tempo was sys-
tematically tested in the emotional dimensions of valence and 
arousal taking into consideration listeners’ expertise. The results 
revealed that, as listeners go through formal musical training they 
tend to rely on mode rather than tempo when evaluating the va-
lence of a musical composition. In case of diverging conditions of 
mode and tempo, non-musicians were not able to provide a clear in-
dication of the perceived emotions. This result suggests that future 
research should be conducted to investigate the emotional percep-
tion in case of diverging conditions of mode and tempo. Further-
more, future studies testing the emotional perception of structural 
factors could exploit Robin as stimuli generator: ecologically valid 
and musically natural music would be combined with systematic 
control over the tested factors.
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